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ABSTRACT 



Summaries of four .workshops sponsored by the 
Institute Fo.r The Future* (IFF) are presented. E^ch'focuses on a 
particular aspect" df the social impact of ; coaputets: (1) computer- 
Bodels' and siaulatioHs as aid's to decision aaking; (2) the ms^ of 
coaputers in financial '.operations; (3) perceptions, attitudes, anJ 
literacy regarding coaputers (i.;©., knowledge about thfe capabilities 
and Aaitation^s of computers in meeting huaan needs).; and (t) 
. individual access to tfoaputers. Workshop participants and yie IFIP 
staff conclude that there ^is a need for thfe public to. acquire a v 
deeper understanding of how coaputers affctfct the decisions ► 
individuals and or^fanizatiohs aake, 'the/^o6ds and services th«y 
produce", and tfie. World 'that individuals jperceive. It is also, 
concluded that slich iaprbvedi understanding lilist be ac'quired in the - 
near future. A program of education poj: the public "is .t>en propo5M*l 
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The Institute for the Future is an indep^ndeot Irescarch organization, founded 
as a nonprofit corporation for^work solcjiy^'lhe public interest* It is dedicated 
exclusively to systematic and comprelj^)ive study of' the lon^range future, 
the Institute's primary *ainis, as fonnuIatcd**Sif1tl Articles of Incorporation, 
arc fourfold: , * ^ • . 

. to enl^e existing understanding concerning technologic^, envil'onmental, 
and societal changes an^ their long-range consequences; to, develop new 
methodology to catry on ^uch tasksj to make available wi^iout discrimination 
the results of such research and scientjfic advMces to th^ublic; and taserve 
as an educational and t rainhi^ center for selgdm^rson^^j business, govern- 
ment, foun^tions, and un|vtrsities \afh re$peS{ to sun«search activities.*' 

The Institute's research ^rpgram' has two major components: development of 
forecasting methods for. the analysis and synth^is of potential futures, and 
the application of such«methods to the problems of society. Among thj'gcQeral 
areas of this research areTfin'ufureTtate oFtlie TJtuohTlhcEintlucnoe o^ future . 
'technological developments on societal trends; social intlicators and the quality ^ 
of life; and long-Tange urban and itational planning^ More specific topics have ■ 
also been examined, s\ich as-tjic future^ fi^sing, plastics, computers, com- 
munications, insurance,^ education, and employee Ijenefrts^ Institute research 
gcfierally is conducted by means, of. such futures-analytic techniques as the 
Oelphi method, crOss-impact analysis, and sirt|ulation,^s well as the more 
" traditiofial methods of physical- Shd social-science research, 4 
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PREFACE 



In the spring of 1^73 the Institute for the Future held a series^ of 
four workshops,* each focusing on a particular aspect ot the social iynpact 
of -cemputers: ~ fl) computer models 'and simulations as aids tp 'decision 

%making; (2) the use of ccxnputers in financial operations; (3) perceptions,' 
attitudes, and literacy r«?garding ccxnputers (i.e,, knowledge about the ca- 
pabilities and limitations of computers in meeting human heeds) ; cind (4)* 
Individual access to computers. The collective |)urpose of these workshops 
was twofold: to define some of thejaosli important, societal issues stem- 
ming f rom» the present and potential uses of computers; and to formulate'' an 
effective pr^Sqram of studYf research, and demonstration for achieving a 
bette^^TinderstaJiding of* these issues. . * • 

This report tef lects the distilled and collective ^judgments' of approx- 
imately ^ixty workshop participants, supplemented by the research and aned^ 
ysis of the^ staff of the Institute for the Future. It poses questions yath' 
er than provides answers about the present and future soCMl impact of c<Mn- 
puters. These questions copvey two principal. me:Ssages. The first is-^an- 
early warning a►^^^the need -to -acquire a deeper understanding of. how compu- 

•ters affect the decisions we make*, the gooSs and services we produce ,^ and ' 
the world .we perceive*. The secon(}>inessage is an urgency to begin the job 
of systematically acquiring this improved^ understanding now, before It is 
too late. A program for doing this is formulated and prcJposed herein;' the 
estimated cost of - this program, is believed t9 compare very favorably with I 



the perceived societal benefits of moving* toward the' development of a more 
humane and socially uselEul computer techno!tpgy. 



. '*A fifth work'feshop was'held at the, end of the series to help integrate 
and evaluate the results of the four preceding wprkshop^. *^ 
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I. BACKGROUND AND PURPOSE 

A, INTRODUCTION . ^ - , • 

^The need for understanding th^r ways in which the future development 
and uses of tecnnology inay affect our lives has becorae urgently clear in 
recent years. Equally apparent is the need for understanding how changes 
in life style may, in turn, aff eqt the future development and uses of tech- 
nology. What is not so clear, however, is how th4se understandings are 
\bestj|obtained. r * < ' / ' 

^J^i^s sttidy is an' initial effort toward achieving a better understand- 
irlg of the social impact of a group of society's most pervasive technologies 
computer ^nd canputer-related tetiinologies>* '^t does this 'by formulating a 
program of retrospection, ^ monitor ^rig , experimnlation, and' educa^tion-, vAiich 
is aimed at systematically achieving an improved understanding and at pro- 
viding early indicators of both problems and opporfeuhities . ? . 

bne is tempted to use the rubric technology assessment to i>elp describe 

/ ' • » I ' 

what is being attempted here. However, technology preaBsessment is a more 

^ . . / . ^ 

^appropriate 'descriptor, for in fact, the groundwork has been laid for- a fo- 

cused set of degg^^d assesrsments.**. 

literal l^ffl^Bds of *diff erent aspects of the potential impact of ^ 

computers on society might be identified and' explored. Since the detailed 

assessment of any of these can be an expensive undertaking , it is necessary 



*The term is def inea to include 4:he computer and the associated hard- 
wai^e and software technologies surrounding its application; namely, input/ 
output devices, data banks, communications networks, programming \languages, 
and so forth. " ' 'j 

**National Academy of Engineering, Committee on Public Enginelpring Pol- 
icy, A Study of Technology Assessment, Report to the U.S. Congress, Hous^^^ 
Ccxnmittee on §cience and Astronautics (July^ 1969) j National Academy of Sci- 
ences, Technology: Process of Assessment and Choice, Report to the U.S. 
Congress, House, Committee on Science and Astronautics (July '1969); and 
Martin V. Jones, A Technology Assessment Metho(}ology : Project Summary, 
The Mitre Corporation (June 1971) . 



to establish a priority .^ranking among the principal candidate research 

-J 

areas. This preassessment stuay addresses precisely that problem; 

The approach used in this preassessment effort resembles ,the approach 
that would be used in a *full assessraent study, but with two major tiiffer-? 
ences: firsi, evaluations of potential impacts are used to sdreen candi- 
date areas rather thanr to study them in detail; and second, heavier reli- 
ance is necessarily placed on informed group judgments than on hard data* 

One of the central concepts in establishing a priority ranking is that 
• of social impact. . In the context of this study, emphasis was placed eguai- 
ly on the indirect and/or unintended social consequences, of computer tech- 
nology and on the direct and/or intended consequences. This concept guided 

both the generation of candidate program areas and the assessment *of their 

\ 

cost-effectiveness, , , 

. Although the intuitive meaning of social impact is fairly clear, the 
methods , for assessing social impact operationally are fap frpm being well* 
understood or developed.* In this study, social impacty^ potentially ascrjlb- 
able to computers were characterized by a conceptual framework of three in- 
teracting elements. Each element, in fact, y^-elded a checklist of indica- 
tors^ that could be used to assfess qualitatively the magnitude and nature of 
possible iiapacts. The first element ^of the framework represents the infor- 
/nation system itself. Appropriate indicators for gauging changes are data 
rates, transfer paths, memorj^ sizBs, and the like. The second element rep-' 
reseYits the social system to which the information system is linked. The 
relevant indicators of change may be wealth, income, status, power, and so 
forth. And finally, the thi^d element is the vaiue system. - Imj)acts in. 

/X 

♦National Academy of Engineering, Committee on' Public Engineering Pol- 
icy, A Study of Technology -Assessmefit, Report to the U.S. Congress, House, 
Ccimnittee on Science and Astronautics (July 1969); Hugh V. O'j^ill, A Tech'^ 
nology Assessment Methodology: Computer Communications Networks, vol. 3, 

the Mitre Corporation (June 1971) ; Vary T. Coates, Technology and 
Public Policy: The Process of Technology Assessment in the Federal Govern- 
ment, vol3\ 1 and 2, Program of Policy Studies in Science and Technology, 
The George Washington University (July 197<.) ; and Robert T, Holt, "Antici- 
pating the Social Consequences of Technological Change", paper read at the 
Annual Meeting of , the Division of Behavioral Sciences, National Academy of 
Sciences, 19-20 May 1972.. 
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this area may make themselves felt as changes in privacy, choice, equality 
of oppojstunity, and th.e^ liTce. (See .Appendix A.) * 



B. THE PROBLEM ' 

Computer and coraputer-related technologies are affecting each of our 
lives in many subtle and not so subtle ways. Any nintiber of measures can 
be used to gauge these e:^ects. The most aggregated measures relate to the 
size and rate of growth of the computer industry itself. Within approxi- 
mately af» twenty-five-year period, the industry has grown from virtual non- 
existence to one which accounts for well over 100,000 computers worldwide # 
valued in excess of $20 billion. The nuiaber of computers is expected to be 
a shade under 500,000 by 1985,* with about two-thirds of these in use ^n . 
the United States. In ,1970 the tptai annual investment in this area, in the 
United States represented about 0.6 percenb-^of O^P; this is expected to 
grow to about 1.4 perc^snt of GNP by 1985, a threefold increase from 1970 in 

[t is widely speculated that the computer industry (in- 



cpnstant dollars.** I 
eluding related infontj 



ation services) is very likely to be tif^ largest indus 



try in the world by the ti||^ of the century, if not sooner. 

The preset size and expected growth of the industry may indeed be 
among the poorest indicators of potential social itapact. What is perhaps 
more relevant is the alioost incredible pace of technological development. 
The use of a few measures will illustrate the- point. In the past decade the 
^peed of computation (i.e., using electronic components only) has increased 
by a factor of ten every four years, while the size of electronic components 
has' decreased by about a factor of tei^ during this period. What is even ' 
more striking is that the cost of raw canputing power has also decreased by 
a factor of ten every four years.*** And it appears that ail of these 



*The most rapid growth is expected in minicomputers during this period. 

**J. R. Salancik, Theodore. J. Gordon, and Neale Adams, On the Nature of 
Econcanic Losses Arising from Computer -Based Systems in the Next Fifteen 
Years, Report R-23, Institute for the Future (March 1972). 

***Paul Armer, The Individual: His Privacy, Belf -Image and Obsolescence, 
presented to the U.S. Congress, House, Comiaittee on Science and Astronau- 
tics, Panel on Science 4nd Technology, Eleventh Meeting (January 1970). 
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trends will be sustained for the remainder of this decade —except that even 
* more dramatic reductions in the size of electronic components are in the 
offing. It is difficult to Visualizg the effect such equivalent changes — 
particular^ those related to cost--m£ght have-on the development and appli- 
-Gfittion'of pthex technologies. But perhaps they explain in part why compu- 
ters haVe acquired a -foothold in an almost endless array of application ^ 
areas and vrtiy growth continues unabated in those cireas in which they are. .al- 
ready well established! It is/, in ^act, difficult to identify any societal 
sector that is not either directly indirectly affected by the use of- 
computers. 

* , The. ihotivation for applying computers in any particular sector usually 

stems from a desire tp reduce costs or improve efficiency r even though these 

i . ' 

objectives arje not al|^ays realized in -practice .» In addition, the applica- 

, tion o^ computers oftfen makes it possible accomplish tasks that would n 
have been otherwise pi^actical, feasible, or safe—due to constraints of ti^ 
or operational complexity. Bu^' the indirect: effects thfet computers produce 
on the 'organizations iri which they are used are perhaps eVen more; important. 
Then, too, it is important to understand how couputWs ate viewed^ and per- 
ceived' by those individi^als (e.g^, managers, empjLoyees , and custOT^rs) whose 
lives are touched by thm. Few data are aval labile concerning the/ampact of 
computers' on organizations — in terms of changqs in goals, communication pat- 
terns, centralization \r decentralization of decjision making, and so forth. 
However, some rudimentary data on the effects ^of computers on individual 
perceptions and attitudes do exist. - ' ' ^ • ' 

' As might be expected, individual perceptions <wf, and reactions to, com- 
puters We ambivalent. Positive attitudes generally result from viewing , 
computers in medical, scientific, and technical, applications . However, pre- 
dominantly negative reactiops are associated with the impact of computers 
on employment., privacy, depersonalization, and concentration of power.* 

s S 

*Time Magazine and American 'Federation of Information Prc^essing So- 
cieties. Inc., A National Survey of the Public's Attitudes toward Computers 
(New York: Time, 1971); Thomas U^McPhail, ''How the Public Receives the 
Computer: Some Social-Psychologiqal Dimensions", in Stanley Winkler, ed.. 
Computer Communications: Impacts ^nd Implications , Proceedings of the 
First International Confeifence on O^omputer Cojranunication, Washington, DC, 
24-25 October 1972; and Stanley Rot^man and Charles Mosmann, Computers and ' 
Society (Chicago: Science Research \ Associates , 1972), pp. 213-251. 



Most of these perception^ are nof yet well developed, except possibly those 
dealing with the threats of unemployment. However, issues of personal pri- 
vacy and depersp^iali^atidn are seeping increasingly into pujDlic con^cious- 
of reported abusesL„iruthe handling of credit, health, and 
data. Perhaps les^s appi^^eciated at this point is the ex- 
tent to which c«c|aiputers may facilitate 'the acquisition, concentira^on , and 



ness as a resul 
law-enforceiaent 



manipulation of 
This is not 



political ox economic power.* . / 

to suggest that no efforts have been made to assess t^e ' 
impact of computsrs; bi^t rather- that such efforts have been largely firag- 
jnented, uncoox:dinated, aind ad hoc. For example, in 1965 Che National Cda- 
missi9n on Technology, Autaaatlon, aa^ Economic Progress commissioned some 
short studies aimed at exploring the impact of computers on several ;spe- 
cific in<ius tries. ** In 1967 the fiij^st thoroughgoing study of privac?y was, 
completed Is^y A. F* Westin*** (supported by a grant frcaa the Carnegie Found- 
ation) . Hoi^ recently,' in 1972 th^ results x>f a comprehensive study were 
reported by A. F. West^in and M* Baker/ (supported by the National Academy 
of Sciences and the' Russell Sage Foundation) on the impact of privacy and 
due process on both raanual ana 6oiftputeri2ed record-keeping processes.**** 
And in, the past year (1973) , .both the Advisdry Committee [to the Secretary 
of th§ Department of Health/ Education, and Welfare] on Autaaated Personal 
Data Systems and the National Caamission on Criminal standards and Goals 

have highlighted the basic issues that must be resolved in connection with 

» 

the record-keeping functions of public agencies.***** These and related 



*See Rothman and Mosmann, op. cit., pp. 243-245, for an interesting^ 
Recount of the use of computer data ^analysis in a political campaign. 

^ **Paul Armer, Computer Aspects ^ of Technologl-gal Chaj^ge, Automation, gnd 
Economic Progress, Report to the National Commission on Technology, Auto- 
mation, and Economic Progress „ (September 1965); and MerrifT Flood, Commet^. 
cial Information Processing Network — Prospects and Problems in Perspective 
(Septerober 1965) . ^ ^ ^ ' 

***Alan F. Westin, Privacy and Freedan (Ne^^-YoVk: Athenium Publishers, 
19^7) . ' • ^ 

**-iK*A[la4:i] F. Westin and M. Baker, Databanks in a Free 'Society (IJew York: 
Quadran9],e Press", 197 2^^^ ' " r . 

*****U.S. Department of Health, 'Education, and Welfare, Secretary's Ad- 
, visory Conmittee on' Atitomafiiid Personal 'Data Systems, Records, Computers, 
and the /eights ' of ^Citize/^s, Idhew Publication No. (OS)73-94 (July 1973).' 
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efforts^ve served to call attention to the necessity for administrative/ 
actions, legislative measures, 'ana siirveillance efforti aimed at achieving 
an"* effective balance of the requirements for privacy, due process, ^and ef- 
ficiency in re cord -keeping operations ♦ ' But very little has been done in 
studying other potentially important social-impact areas. 

This* situation should perhaps not be altogether surprising for* such 
"other" effect^ are somewhat more subtle and still not clearly visibly* . 
True, job displacement and uneirployment generally pro.duce direct, highly vis- 
ible, and immediate effects? however, issues of depersonalization and is- 
su^s^of privacy are a bit more subtle — at least initially. To be sure, many 
have* experienced the loss of "personal touch" in credit-handling and billing 
transactions, or may have become aware that information on federal tax re- 
turns is also available to others (e*g., state agencies); but even here it 
is likely that most Americans would yet not identify sutoh issues as major 
socxal concerns. 

This relative unawcu:eness is due, in part, to the nature of the impacts 
themselves. "Most of the social effects of air pollution, transportation ^ 
congestion, and energy shortages — wheh' they occur — are not only physical but 
also tangible and readily perceived* ^*his is not the^^^se when social ef- 
fects stem from information-system changes that alter decisio^woaking proc- 
esses; coirmunication patterns, or power balances. Even in a society whose 
activities are increasingly shaped by information technologies, such impacts 
seem too diffuse and intangible to be g:?asped readily,, if at' all. 

The effects — no matter how subtle — are nonetheless of * critical iinpor- 
tanqe to society. They can aJfect the b$isic structure and fabric of society 
fozf they have an Influence on how we make decisions, how we organize to pro- 
'duce goods and 'services, and even how we perceive the world around us. For 
example, decision Wkers; in both the public and private sectors, are beccsn- 
.ing increasingly dependent on che outputs of computer models to guide re- 
source 'allocations J to forecast economi^ developments, and to evaluate 
military strategic options. SimilarlJ^, the alteration of in format ion -flow 
patterns produced by cmputer applications is having a profound OTfect on 
the structlure^, ' objectives, and efficiency o*f organizations and ecrcire in- 
dustrial sectors. But perhaps the most important social efffecta ore those 



linked to the ways in v^ich contact and experience with inforinat;ion systems 
affect the image of one's self and 'the world in which one lives, included 
here are questions pf the possible inhibiting effect.s of personal-information 
. availability on behavior (how xs' individual behavior modified?) , the role • 
of the* computer as a* mediating agent 1^ ;ersonal transactions (whaf is 

the effect on feelings of isolation or ualonging?) , and the impact of compu- 
ters on one's self-image as an inte,.ligent, rational being (what /is the ef- 
fect on man's psyche?). , 

: I 



C. THE CHOICES * . 

-« "^^ 7 " * . 

There are several possible ^strategies for dealing with the issues out- 
lined above. The first is to wait — wait unlsiJU the effects now^itfy. dimly 
perceived become more Visible. This is what the program proj^ed herein 
seeks to avoid, for it is believed that the penalties for/ and missed oppor-- 
tunities of, not acting now are high. A closely related strategy is to "mud- 
,dle through" that is, to respond to problems on an essentially ad hoc basis.. 
But the pace of chang^~as well as the complexity and ei^tensiveness of the* 
potential impacts — makes tr^is an unnecessarily hazardous course to pursue. 
Still another possible strategy is to embark on a program of particularized 
technology ass^essments ^ lanalyses aimed at forestalling or minimizing prob- 
lems and exploityig opportunities . At present no effective tools exist for 
doing this convincingly, although the recommended f)rogram. 'lays 'the grouhd- 
work for ultimately making such assessments. , 

V ' The course proposed here ^,s to structure a program of study and action — 
including retiospection, monitoring, experimentation^, and education-pthat 
can provide early warning on ^the critically important issues and that can' 
also reflect d^en^ of priorities for action.' The time remaining for do^ 
ing this is getti??(g uncomfortably ehort. it is true that the most recent 
Study by Westin ^nd Baker* shows that compujter- applications are not yet ap- 
preciably, /Altering the balance between information Jjolicies of organizations 

and* individual fights to privacy. However, this balance is changing rapidly 

ft * * 

and a systematic monitoring program to provide guidance for 'action (e.g.. 



*Westin and Baker, op. cit. 

. • / 
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itiative in the still less visible impact areas noted earlier. 

^ The price for inaction can be high, as evidenced by our failure to do 
sysliematic siesessmmtW fCn^'^V^WT'S^ v^ ' lltlMBIU10\fljlSS ' ; '''' iSniaray ' 

•^televisions ^ Scattered efforts have been made to assess the impact of tele- 
vision on 'th^e behavior of children, and some data^ is av^Le^le on^ so^r* 
cial and cultural impact of television in certain developing countries.* 
^ But, on the whole, these efforts have been too late and too fragmentary in 
, proportion to the magnitude of the ^af f eqts that have be:en produced. The 
same. may be sai^d for- other socially widespread technologies, either in ret- 
rospect pr prospect (e.g., the automobile or the telephone)^ However, a nuni- 
ber'of proposals now exist for comprehensive social assessraeirts of "a variety 
of cortmunicatiohs media, including the telephone and teleconferencing*** 



^Television and Growing Up: The Impact of I Televised Violence (Wash- 
ington, DC: U.S. Government Printing Office, 1972)} and Wilbxir Scha^amm 
and Daniel Lerner, ^s., Conmunication and Change in Developing Countries 
(Honolulu: East-West Center Press, 1967). 

**Alex Reid, New Directions in Telecommunications Research, Report to 
the Alfred P. Sloan Ccminission on Cable Communications (June 1971) . 
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STUDY APPROACH 



As previously noted, tjhe objective of this study was twofold: (1) to 
define some of the critical societal issues arising from present and po- 
tential uses of computers; and (2) to structure a research program aimed at 
achieving a better understanding of these issues. The purpose here is to 
describe both the rationale and the steps of the study approach. 



A, IDENTIFICATION .OF CRITICAL ISSUES 

- — ■ ■ 5 — 

The problera of identifying critical societal issues related to compu- 
ter, impact is identical to the more general issue-identification problem 
that exists at thp beginning of any broad inquiry. What ^specific areas 
should provide the focus for the derailed exploration? 

The basic rationale for selection was: at least one critical issue^ 
area s];iould be process^'ori anted or should cut acrosa a number of compute r- 
application areas; at least one should be applications- (oz sector--) orient 
ed; and at least one should be strongly value* (or ahoice-) oriented* Be- 
yond this, some general criteria were used in the search; namely, the poten 
.ti.al social -impact areas should be extensive in scope and, more importantly 
future -oriented. 

The 'selection profeess was largely iterative. Major dependience was 
placed on the judgments of knowledgeable researchejf'rs at the Institute for 
tfte Future and tlae National Scj!ence Foundation, stlpplemented by selective 

f 

contact with several Consultants outside thes<e organizations. The choice 
of a process-oriented area (i.e., models and sit^iAlations) -and an. 
applications-oriented area (i*e., the financial /sector) were fairly 
straightforward compared to the selection of^tl^fe value-oriented areas (per- 



ceptions, attitudes, literacy, and access). ^ f 

Once each critical issue area had been agreed upon, the specific subii 
sues that were proviae the focus for a detailed inquiry were formulated^. 

I 



For each issue, ^ set of guideline questions was drawn up, Th^se provided 
the basis for both additional Institute research and the search for ^perts^^ 
(or participant^) whose points of view were to be elicited. 



-B. . SEL5CTIQN OF SXPERTS 

Eac*i issue area ,< and its relat^^ subissues) was quite broad in scope. 

-f - 

No sihgle individual could be expected to be knowledgeable in ^ny but a 
sm^lj^ paort of any such area. Further; since each issue area was intrinsic- 
ally future-oriented, heavy reliance necessarily had to be placed on mdi- ^ 
vidual judgment and -personal perception. Thus, whatever the particular 

"data-collection mechanisaA used, access to the diverse views of k set o'f 
carefully selected individuals was of critical importance. 

Several generaL-criteria were used in the search and selection proc- 
esses, t'irst, of course, individuals weye sotight w^ose backgrounds matched 
the subissues developed in 'the guideline questions. Second, priority was 

v-given to those individuals with backgrounds that showed evidence of concern 
with the larger environment in vrtiich computers function and are perceived. 
Thir4, a determined Bffoprt was made to select individuals who were likely 
to. represent diverse or "^c on flic ting view^* of possible future develof)ments . 
And, finally, in some instances, a conscious choice was made of particular 
individuals whose substantive expertise was somewhat "peripheral" to the ma- 
jor issue areas involved. 

The process by which' these selection criterp.a were applied was systema- 
tic, but largely empirical. An initial roster of approximately 150 can^i- 
datfe experts was drawn up from literature searches, personal knowledge, ^nd 
solicited references. For each candidate, biographical data was collected 
and relevant publications searched. Approximately 70 ijivitations were is-* 
sued to candidates in order to acquire the targeted 6t> -who participated in 



*For example, the participants in the Workshop on Computer Models and 
Simulations represented competences in ten different substantive fields: 
physical sciences, defense sy^teins, financial planning, corporate, planning, 
econometrics, health services, drban planning, regional planning, environ- 
mental systms, and ecology. • 
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the study. This provided 10 to 15 contributors for each of the four ^ajor 
^issue areas selected — a group size consistent with empirical data collected 
by the Institute and others.* ' , * - 



C. DATA COLLECTION 

\ 

. Any nUiTiber of methods might have^been used, singly or in combination, 

to elicit data ttom the invited contributors: personal interviews, ques- 
tionnaires, invited papers, workshops, and perhaps even teleconferences. 
Heavy relianc'e* was placed in this study .on structured, face-to-face work- 
shops in order »to exploit the interactive Equality of this communi elation 
mode. * , ' ' • 

A series of four two-day, data-collection workshops was held over a 
period of thi'ee months • Each of the workshops was structured around one 
dominant issue area: ^(1) comp\iter modeling and simulation as an aid to de- 
cision making; (2) computers and financial processes; (3) coppute^ percep- 

tions, attitudes, and literacy; **and (4) computers and individual access, 

? - ' 

Although' some variations exxsted in the ways the workshops were structured, 
the basic pattern included the following thre^ elements: presentation of 
papers by three or four participants who addressed specific guideline ques- 
tions and issues; reports from several panels organized around specific is- 
sues generated during workshop discussions; and generation, distillation, 
^'and evaluation of a list of candidate research program areas*** 



D. DATA INTEGRATION * \ ' ' 

The summary and integration of data was done in t^wo distinct stages, 
The first stage occurred at the end of each of tlie four data-collection 



*Norman Dalkey et al.. Studies in the Quality of Life (Toronto: D. C. 
Heath and Co,, 1972)/ 

^*A review of Chapter III, Summary and Recommendations, will not pro.- 
vide the reader with a clear and accurate sense of both the dynamics of th^ 
workshop sessions and the differing and often conflicting views that were 
aired. For tiiis, the reader is \irged to turn to Chapters IV, y, VI, and* 
VII. 
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^ workshops .<lescri bed , above. The second stage occurr^^d at a fifth (integrat- 
ing) workshop heldf several months later. 

First Stage * * '* 

Several hours before the close of -each data-collection workshop, the, 
partifcipants were asked to identify and describe (in writing) the most im- 
portant program areas stemming from the workshop presentations and ex- 
change^. Important at this point was defined generally as "degree to which 
a contirlibution is made to understanding social impact". Inputs from eaph 

particijpant were col-lected, summarized, and then fe^ back" to the partici- 
' ■ ^ * ♦ . 

pants in a closing workshop session. . ■ 

' • V " 

In this final session, candidate program cureas^wei^ redefined, aggre- 
gated, and fleshed out* Each participant was asked to eValuate (in writ- 



ing) all of the candidate program areas in terms of both re^searchabilxty 
(on a rating, scale of 1 to 3) and importance (priority ranking).* These 
evaluations wei^e then combined, and the five top-ranked program areas from 
each workshopi were used as inputs for the integrating workshop. 

^ Second gtage 

' The final data integration was done at the fifth workshop, attended by 
two-participants from each of the four preceding workshops and two observers 
Jfrom the National Science Foundation* Th^ starting point was the twenty , 
top-ranked program areas distilled from the data-collection workshops^* 

The first step was the review, redefinition, and consolidation of the 
twenty candidate program areas — including, at times, going back to the 
original workshop summaries for relevant inputs that might have been' over- 
looked. This process resulted in a modified list of nineteen program areas. 
(See Chapter III, Summary and. Wcommeruiations. ) 



*PartiQipants in the Workshop on Computers and Individual Access did 
npt favor using formal rating or ranking schemes for preference ordering. 
Instead, the evaluation inputs from the ^rticipants at this workshop were 
used for general guidance only. V * 



^he next-^step^ was; th^ sp e cifi cat ion of -the^f^ 

the ^inal 'selection and evaluation of program areas.* It was detemineti 
that each candidate program area would be evaluated, with respect to three 
major criteria: 

m rating, on a scale of 1 to 5, of its contribution to the under- 
standing of social iiapact/ if th^ pi:ogram were successful (see 
Appendix A) ; ^ * ' c 

• probability of 'success, if the program* we:^ adequately funded; and 

m minimum support level required, broken down in terms *of ctost per f 
year and number of years.' * ^ j' , ^ 

. The final evaluation process canprised twJ^lis tine t -rounds. In each 
round/ participants pi^ovided estimates of the parameters described above, 
(^ee iFigure 1.) Averages of estimated -quantities in the first round were 
computed/ tal>ulated, and fed back to the ^rticipants. Opportunity was 
then provided for' the participants to discuss the reasons for major devi- 
ations from these averages before reestimates were provided o£ all quan- 
tities in the second round. * ^ 



*The method used has been adapted from a priot study at the Institute 
for the Future: Oiaf Helmer and Helen Helmer, Fatnie Opportunities for 
Foundation Support, Report R-11 -.(1970) . - 
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Ill* SUMMARY AND RECOMMENDATIONS 



Nineteen research progtam areas* have been identified emd' formul4ted 

as k^y^ in achieving, a growing understanding of the social impact of con^u- 

ters in .the next deicade, 'These were distilled from the more than fifty 

candidate areas generated at the four workshops on cc^put^r impact- The 

nineteen final area^ are^ structured in three major groupings, reflecting\ 

three different dim4nsions of social iiapact:** (1) computej^s as tools iin 

decision making; (2)'| computers as ccxaponents in operational systems; arid 

(3) comiputerp as shapers of perceptions, behavior/ and attitudes of indi- 

♦ J % * ^ 

viduals and groups (both interpersonal and institutional effects) . The 

' ' ■* 

proposed program areas are listed below. 

* 

Group A: Computers as Tools in Decision Making 

Al. Retrospective Studies^ of Models, Modelers, and Modeling Processes 
A2, Vcdues and Cognitive Styles of Model ^Builders 
* A3. Role of Group Judgment in Modeling 
A4, Data-Base Requi'reinents for Models v 
A5, Interface between Model Builders cind Model Users 
A6. Validation of Canputer Models 

Group B; Computers as Components in Operational Systems* ** 
Bl, Structure and Regulation 

B2. EQonomies of Scale ! 
B3, Standardization 

b4. Audit Trail, Surveillance, Security, and Fraud 



*As mentioned eariier the program areas include four distinct kinds 
of activities: retrospection (e.g., 'the impact of information systems on 
institutional goals); monitoring (e.g., invasions of personal privacy) 
perimentation (e.g., the social psychology of information Systems); and/ 
education (e.g., conp iter literacy). The general t,enn prdgram is used to 
designate the entire collection of program areas. 

**Some inevitable overlap exists among the' three categories. 

***'The financial sector (i.e., banking, insurance, and securities indus- 
tries)' is used as the prototype application area. • 



Group C; Computers as Shapers of Perceptions ^ Behnvior / anfcl Attitudes 

CI. Retrospective, Comparative, and Case Studies of the impact of 

Information Systeias 
C2. Humane Design Criteria for Information Sysierap 
C3. Requirements tor Ccoiputer and System Literacy 
C4. Computer Literacy for Decision Makers and Opinion Leaders 
C5. Regulatory and Coupetitive Dimensions of Access ^ 
C6. Behavioral Consequences of Information Availability 
C7. Conflict between the Right to Know and Personal Privacy 

in Information-System Design 
C8» Aggregation of Indiv|.dual Value Judgments and Mediation 

of Interpersonal Conmunication 
C9. The Social Psychology df Infomation Systems 
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A.' GOfJPUTERS AS TOO LS IN DECISION MAKING* 

— — ^— , 

Computers can assist decision making in many ways* But perViaps one of 
the most important is the use of computers in model building and simulation. 
In computer modeling, the most basic questions do not deal with the intri- 
cacies of building specific models or the design of special languages. ; 
Rather, the key questions are: How is a model to be built? What should] it 
include? How is it to be validated? These questions reflect the largely 
ad hoc nature of modeling as it is now* practiced, where specific models are 
built to meet particular needs, ^ ) 

Even so, it is interesting to note the variety of ways in* which the 
use of canputer models can impact socie'ty in decision-making contexts* In 
particular they can: (1) provide structure in defining the decision to be 
made; (2) make it possible to cope with a compressed time scale; (3) pro- 
vide a richer choice-set; (4) contribute to "variance reduction" in evalu- 
ating a set of possible outcomes; (5) become an independent factor in the 
decision process; ,(6) give the decision maker the courage tjo act; and (7) 
strengthen the notion, of intentionality in human affairs. . 

The following six candidate program areas address many of^ the funda- 
mental issues related to the social impact of computer models.^ 



*See Chapter IV for a detailed description of the proceedings leading 
to the recommendations contained in .this section. 
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Al* Retrospective Studies of Models, 
Modelers^ and Modeling Processes 



Retrospective studies should be designed to improve general standards 
and practices in modeling! Those factors that result in success or. failure 
lieed to be Identified and evaluated (e.g., activities that deal with "tun- 
ing" or "adjustment" of models, as well--as the heuristic learning that takes 
place with model Use); and the character'istics of "good" models (e.g., level 
of detail and aggregation) need to be studied. In a very pragmatic sense, 
models may achieve credibility either by being on the "winning side" or by 
alerting- the decision maker (e.g., when using a corporate model) not-to take 
a particular action; however, the quality, availability, and timeliness of 
documentation can also be very^iiaportant ingredients in determining model 
success. 

Caution should be exercised in the extrapolation of general principles 
frc«ii individual retrospective studies since some question exists on the ex- 
tent to which the results of such studies raay be generallzable. • 



A2. Values and Cognitive Styles of Model Builders 

Research should be aimed at achieving two objectives: (1) the devel- 
opment of ways to structure mociels so that the value framework of the model 
builder' -is made as explicit as possible; and* (2) the identification of the 
basic elements of cognitive SLtyles of successful modelers and the develop- 
ment of useful criteria for identifying and training such individuals. ^ 

It is recognized that value-free modeling is unattainable. However, 
by examining such values, one should be able to weight their influence on 
5[iode'l structure and model outputs. 



/ 



A3. Role of Group Judgment: in Modeling 



Methods fpr the collection, integration, and incorporation of multir>^ 
disciplinary inputs from several experts to derive information on mo^t^ 
structure and coefficients need to be explored. 'Consi<ferable emphasis 
should be placed on the role of modeling as a conmunication and integrat-^* 
ing vehicle to help bridge organizational boundaries and to compensate^ for 
conflicting assumptions and externalities. Because the use of group judgr, 
ment in problem solving clearly transcends its application* in mcsftJeling, it 



may be that this application should be pursued in conjunction with other 
efforts for enhancing grJpup ccramunication and problem solving, 

A4« Data-Base Requireaients for Models 

Research should be aimed "fet the development of prot:edures for achiev- 
ing a balance .between the characteristics of 4 moael (e.g,, structure and 
cost) ai]g its data requirements (e.g., sources, costs of acquisition, and 
error., tolerances) . Particular attention should be givem to the creation of 
packages of general reformatting and "data -scrubbing" programs that can be 
used wit^^ data bases that' are incomj^Jlete, fragmentary, or involve different 
time frames* 

AS,* Intelrface between Model Builders and Model Users 

At ieast two important study areas exist here: \(1) the developraent of 
more effective ways to couple the varying' skill levels'^of users of a model 
to the raodel -building piTocess; and (2) an analysis of the behavior of a 
decision maker when con^frojited with a number of decision -makiftg inputs, one 
or more of which is derived from a cpittputer model. , Methods used by decision 
inakers in.' weighting information inputs from several- sources should also be 
explored. / ' ^ * *^ 

A6.v' V^idation ^f:CamQuter Models ^ ^ '/ " 
>» - ' , • ^ ^ » 

* Thqre is an.'ur^ent *t>ee<;i* to develop procedures fdr judging the degree 

to which modeli|;res'anbles .the 'Wige'.of reality" it pu^orts to represent. 

This 4^ particularly tiue f o^ mofflels representing social systems, where 

th»re*UreVno weLl-deve loped proceciur^s for vaiidatidn. 

* fhe process^ of ^validation q^n sometimes ^De done by cofn^ryring the 

model wj.th. J^boratpry eiiperi^menfefe; sometimesJ^y comparison to test cases 
'•that can bfe handled by other methods; sometiK\(es by comparison to history; 
*and sometimes by comparison* with common' sen^e, intuition, or professional 

judgment. Val^id^tion may involve" an eficami'nation of the structure of the 

morlel„j/tl^^ algbfithms .that * are used to solve the mathematics, the computer- 
^progrkm Fepresen^tiofi of the str^icture, or ^the determination of parame- 

ltfers,«aHd ^peci^l/outpu^*ifeatures (including "pathological" c^ses in which 



the output . behaves unexpectedly) . The precision with which validation 
must be done really hinges on the purposes of the model • • 

It is probable that validation may not be possible except on a case- 
by-case basis, even though the valictat^-on procedures may be similar** In 
any case, only when the validity of a model can be ascertained can sound* 
judgments be made about the relevance of its results. ; 4^ 

p. COMPUTERS AS P^MaJTS IN OPERATIONAL SYSTEI>1S* " / , 

. ' ^ ^ -,■ £y 

Sanewhat orthogonal to the uses of computers as tools in decision maR- 
ing ai^e their uses as elements in operational syste^og* " And 'for thiSj*'dny i- 
number of application sectors might have been selected. *>^he"%inancial sec^?. 
tor turned out to be a particularly good one since .computers, have a long 
history of usage here, and considerable aata on. impact are available. It 
may thus be regarded as a prototype 'for bther, conputer-application sectors* 
It is interesting to^ note some of the possible social impacts erf computers 
in the financial sector: (1) creating payxaeAt mechanisms that are more vul- 
nerable to "overload" and "Scrashing"; (2) forcing reexdraination -of economy- 
of -scale ^rguni'^nts thati^ay be obsolete; (3) encoxiragibg subtle concentra- 
tions of.poyer; (4) creating a new class of privacy issUes stemming from 
the role of financial interraediaries; ' and (5) perpetuating processingi sysr 
terns 'that should have been discarded* ^ , *^ 

Bl.. Structure^and Regulation 

Resea<;ch should be aimed at an aiTalysis of the relationship of indus- 
try structure^ to regulation in tihe financial sector and the ways in wKich r 
this 'Structure (and its •relationship to reguiationj^p^may be modified by the 
application of computer technology. Key study areas include: *(i) the in- 
tent, mpact, and cost^ef Sec.tivehess' of regulation; (2) the relative growth 
^ of integrated or specialized services; (3) the impact of new services and 
repackaging' of old' services on industry 'structure; (4) the ^regulatory im- ^ 

plications of technological innovations; and (^) marketing and distribution 

• I ^ 



*See Chapter V for detailed descriptions of the proceedings leading 
to the recommendations contained in this subsection. 
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systems pf financial intemediaries/ particularly economies of cross- 
selling services. 

* .. " • • 

B2. Economies of Scale 

The extent to ji/hich econbtnies of scale exist in the financial sector 

,^*not )qiown; nor is it known how these arc being modified by applications 
of the computer. Study areas should include i. (1) a determination of the 
existence of, and distinctions between, aggregate and unit economies of 

. «cale; (2) comparisons of large-scale canputer systems to minicomputers and 
communicatipn links; (3) the competitive impact of joining trading and post- 
trading execution systems; (4) :bhe. applicability of economies of scale to 
production-function characteristics of an organization's product/service 
^outputs; and (5) the relationship of economies* of scale to industry struc- 
ture, natural monopolies, and regulatory options. - 

B3. ' Standardizatipn * ^ » ' * 

The ^ relative, merits of technical and. operational standardization in 
the financial sector heed to be explored from both cost-benefit and juris- 
t dictional standpoints. Key areas would include: (1) 'the purposes, nature, 
' and 'tiiaing of standards; (2) caauiunication system/user interface standards? 
'dnd (3) the relationship o^f standards to econoraies 'b.f scale, monopolistic 
''tendencies, and interfacing requirements. 



B4. Audit Trail, Surveillance, Security, and Fraud . ^ ^ 

V Potential computar-related abuses created by the increasing automation 
* of the financial sector need to be identified and analyzed. Study areas 
should incliide'; (1) the econoraies of audit-trail implementation for moni- 
toring the' quality and propriety of decisions; (2) the development of new 
sets of "pattern indicator s'\ to detect abuses^ and (3) the relal^ionship of 
survei^ance methods and standardization choices. 



I 
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C, CQMgUTERS AS SHAPERS PEbIePTIONS, 
BEHAVIOR, AND AITITUDES * 

At a ij-gher level of abstraction than the use of computers af tools 
for decision making or as operational system el^Bnts is their role as 
shapers of social behavior. This role is a composite of the behavioral im- 
act of perceptions about, and access to, computers. 

The candidate program areas are predicated on the notion that wide* 
spread knowledge about computers is the best defense against possible haz- 
ards and provides the best platform for realizing potential benefits. The 
nine areas in tl>is section span an extremely wide range of activities. 
Two deal essentially with existing systems to determine the impact such 
sysjbems are having both on their users and on telated institutions . Par- 
ticular concern here is aimed at developing and applying humane design cri- 
teria. Another twq areas deal with long-term and short-term educational 
needs for achieving computer literacy at various societal levels. Because 
structural factors within the inf omation-system industry itself may af- 
fe<pt acc^s to ccxnputers for individtials and groups, one area deals exclu- 
sively^With the reyulatory and competitive aspects of access. The four re- 
maining areas are concerned with understanding some of the most difficult 
personal effects of computers. Included here. are the inhibitory effects 
of information availability on indivi/dual and group behavior, the search 
for principles for balancing requirements of personal privacy^ and the right 
to know, the role of computers as mediators of interpersonal ccxnmunications 
and relations, and — perhaps the most difficult area of all — the effects of y 
computer access on one's perceptions of oneself and the outside world. 



CI, Retrospective, Ccxnparative, ,and Case 
Studies of the Impact of Xnformation Systeftis 

Research should be aimed at two objectives. The first is the stuidy of 

the ways in. which the application of information systems serves to modify 

institutional objectives and purposes. Included here are: (1) publ^- 

policy issues of efficiency vs. privacy and social uniformity vs, diversity; 



*See Chapters VI and VII for detailed descriptions of the proceedings 
leading to the recommendations contained in this section. 
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anS (2) an assessment of secondary and higher-order impacts of propoS 
formgition systems on institutions of all kinds. 

The second objective is the systematic review of "computer-system ap- 
plications to assess their impacts (e.g., skill levels required and style 
of infomation used) on systaa designers, managers, and users, as well as 
bn the .public at large^ Included in the range of investigations are: (1) 
transitions from manual to computerized systems; (2) the impacts of in- 
creased access on keepers of informatipn systems; (3) the relationship of 
access to social control; and (4) comparative analyses of access using in- 
ternational systems (e.g., Swedish income tax) as referrants. 

C2.* Humane Design Criteria for Information Systems 

'information-system features that insure responsiveness of such systems 
to a-wide range of individual choices must be identified and utilized. In- 
cluded here should be: (1) a detailed study of the concerns of the various 
groups interfacing with computer systeras; (2) the identification of gaps be- 
tween these concerns and the characteristics of present systems; (3) the 
structuring of remedial action programs; and (4) an • assessment of, the costs 
and benefits. Corrective programs might involve a variety of methods for' 
achieving personal differentiation, including input-identification systems, 
the tailoring of services to individual needs, and the humanization of the 
information system/user interface. ^ .: 

c3. Requir^ents for Computer and System Literacy 

I Basic computer functions must be understood at*^ various societal and 
educational levels. Research should' be aimed at raising the level of pub- 
lilc awareness so that computer systems could be exploited more fully and 
pdssible abuses avoided. This effort should include the structuring of 
broad educational programs, spanning grade school through college and con- 
tinuing adult education. At the grade-school level, the new math could be 
adapted to include some "hands-on" time with computers so that direct ex- 
periences can be obtained by students from the beginning. At the high- I 
school level, the need is for completely new courses, taljien by all students, 
which convey information on the technical and operational features of com- 
puters, as well as their present and potential social impact. At the 
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college level, a basic insti^jctional unit, for first-yeai; studenjts should 
provide direct and a'ctive experience with the computer in a multidisci^ 
plinary setting' (i.e*. , drawing together stMents from a variety of j. 
disciplines) . , * 

C4,^ Canputer Literacy for Decision 
- Makers and Opinion Leaders 

Decision makers and opinion leaders in both the public and private 
sectors must gain an understanding of basic computer applications; and ap- 
propriate processes for transferring such knowledge must be designed. The 
objective here should be to produce a more immediate increase in aw^eness 
of the capabilities, limitations, ^and costs of computers than would.' b6 pos- 
sible with the mbre broadly. based, long-term efforts discussed in program 
area C3 above*. Particular care would have to be exercised t,o prevent such 
efforts from being, or appearing to be, lobbying exercises for coraputer 
sciences or * technology. ^ " ' 

C5. Regulatory and Competitive Dimensions of Access ^ ' 

Structural factors within the infojrmati^on-services industry | (including 
natural monopoly, centralization vs. decentralisation, and vertical ii>te- 
gration) need to^be analyzed and evaluated in terms of their influence on 

intraindustry competition ,and access. Included should be: ' (1) * retrospec- 

j 

tive analyses of regulatory developments in the communication aAd computer 
industries; (2) the relevance of natural-monopoly considerations; (3) le- 
gal barriers to access; and (4) a definition of public record • 

C6. ^.Behavioral Consequences of Information Availability 

Measuring mechanisms need to be developed and experiments must be de- 
signed ^or collecting data which indicate tjie possible effects of increas- 
ing availability of personal information on behavior* The range of explor-^ 
ations might include detection of behavioral changes arising from such 



stimuli as: (1) the operation of the Bank Secrecy AclT* (e.g., incidence of 
transactions under $5,000);, (2) records on political activity of particular 
social groups; and (3) the nature of medical records keeping (e.g., extent 
of quantitative vs. subjective data jased) . 

C7. Conflict between the Right to Know and 
Personal Brivapyin Information-System Design < 

Research should be aimed at the development of basic principles with 

which to balance the conflicting requireiaents of access and due proces§ at 

both individual and^^^ganizatiqna3^^ '/levels. Included here should be: (1) 

the development of operational d^finiti^ms and taxonomies of access and 

privacy; (2) the Structuring of generic case studies of conflict, together 

with assessment of jcosts and benefits; (3) the identification of anOTialies 

and inconsistencies; and (4) corapaurative analyses of internationauL systems ♦ 

C8. Aggregation of Individual Value Judgments 
and Mediation of Interpersonal Communication 

The focus of the research should be an examination of the capabilities 

of computer- facilitated access in interpersonal coninunication. Included 

here, would be a variety of mechanisms for mediating among gefographically 

separated individuals (e.g*, teleconferencing, citizen participation in gov 

ernance, complaint aggregation and processing, dial-a-bus, and consuner/pro 

ducer matching) . J 

C9. The Social Psychology of Information Systems 



The construction of cognitive maps of the impact of, access on percep- 
tions, behavior, and attitudes of indiviSuals and social groups contains 
two principal components. The first is the development of a continix)usly 
updated data base on computer perceptions, behavior, and attitudes of indi- 
viduals and groups wj.th respect to present amd anticipated uses of the 



*The Bank Secrecy Act was passed in 1970 to curb violation of U.S. 
laws and federal tax evasion by use of secret foreign bank accounts and 
foreign financial transactions. Records are tp be kept of individual 
transactions involving the import or export of $5,000 or more in currency 
or other instruments. 
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coiaputer.f This should be done as part of a broader program of monitoring 
public attitudes toward technology and technological change. The data re- 
sulting frcm these efforts should be -incorporated in the design of program's 
for education and training. 

The second component is the design of experiments for understanding 
the manner in which contact and experience with information systems affects 
one's image of the world.. Included should be: <1) experiments des^igned 
to detect^ and evalua'te behavioral differences resulting from various 
information-access environraents; (2) matched-group experiments (e.g., dif- 
ferences in perceptions between, computer-science majors and humanities ma- 
jors, differences in decision-making procedures between managers 'Who rely 
on "fRanaganent information systems" and those who do not, and so forth) ; 
jind (3) a study of the impact of access on the selection of measures of 
systeiii performance, particularly whether sophisticated and quantitative 
measures drawn from operationally oriented data bases become the intellec- 
tual currency for decision making and policy debate* 



D. EVALUATION OF PROGRAM AREAS / 

As mentioned earlier, each of the nineteen program areas noted above 
was evaluated and rated with respect to three criteria: (1) the probabil- 
ity of achieving its stated objectives, if adequately funded; (2) the con- 
tribution to understanding social impact, if its objectives were achieved; 
and (3) the minimum support level required to achieve its objectives. The 
product of items 1 and 2 above was used as a relative measure of effective- . 
ness, while item 3 was used as a direct measure of cost. 

A graphic presentation of the cost-effectiveness of the nineteen pro- . 
gram areas is ^ shown in Figure 2, In this figure, measures of effectiveness 
are plotted against estimated minimum support levels to produce a scatter 
diagram of the nineteen program a2;eas. If a line pivoted at the origin is 
swept clockWisfe from a full vertical to a full horizontal position^ the 
nineteen program areas will be "touched" in approximate order of theii: rela- 
tive cost-effectiveness.' A lirsting of the program areas in that ordei is 
given in Figure/ 3. 
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Figure 3. PROGRAf-i AKEAS IN. ORDER OF 
ESTIMATED COST-EFFECT IVEf^ESS - 

I 

C3. Requirements for Computer and System Literacy 
B3. Standa rd i za t ion 
' Ck. Computer Literacy for Decision Makers and Opinion Leaders 

A3. Role of Group Ju^ment in Modeling 

i ' 

C7. Conflict be tweerr Right to Know and Personal Privacy in 
Information-System Design 

C5. - Regulatory and Competitive Dimensions of Access 

A2. Values and Cognitive Styles of Model Builders 

CI. Retrospecti ve. Comparative, and Case Studies of the Impact 
of Information Systems 

B^, Audit Trail* Surveillance, Security, and Fraud 

C6. Behavioral Consequences of Information Availability 

B],\ Structure and Regulation 

Al. Retrospecti ve^Stud ies of Models, Modelers, and Modeling, 
Processes 

B2. Economies of Scale 

C2. Humane Design Criteria for Information Systems 

C8. Aggregation of Individual Value Judgments and Mediation of 
Interpersonal Canmunication 

AA. Data-Base Requirements for Models 

A5. Interface between Model Builders and Model Users , 

C9. The Social Psychology of Information Systems 

A6. Validation of Computer Models 
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The six most ;cost-e££ective areas are those dealing with achieving ' 

t 

computer literacy (both for the public at large and opinion leaders) , the 
impact of computers on industry standardization, the developnent of gener- 
alized privacy-vs. -right-to-know criteria, the use of group judgment in 
modeling, and the cdnipetitive and regulatory dimensions of computer access. 
The three least cost-effective are judged to be those dealing with the 
interface between model builders and u^ers, the social psychology of infor- 
mation systeitts, and validation of computer models. , " ' 

Ranking progrsiia aureas on the tjasis of cost-effectiveness ratios illus- 
trates only one of several possible criteria for funding priorities that, 
might be used. It is conceivable that the estimated effectiveness of some 
program areas might be large enough to warrant supporting them even though 
the estimated costs for doing so may be quite high. This would be peirticu- 
Icirly true if' a program area were divided into smaller subunits. For these 
reasons a companion ranking by effectiveness measure only is shown in Fig- 
ure 4 so that it riiay be compared to the cost-effectiveness ranking in Fig- 
ure 3. It is interesting to note that three of the nineteen program areas 
rank among the top six with respect to both measures: the two dealing with 
computer literacy (both for the public at large and opinion leaders) , and 
the developnent of privacy-vs .-right-to-know criteria. Three. new program 
areas emerge in the top six when the ranking is by effectiveness, only; the 
development and application of humane design criteria; the identification 
and analysis of computer-related abuses (e.g., audit trail, surveillance, 
security, and fraud) ; and the study of values and cognitive styles of model 
builders. It is also interesting to note 'that computer-model validation 
rar^s at the bottom of both lists. This is certainly not due to its poor 
rating with respect to its "contribution to understanding social impact"; *' 
it, in fact, ranks highest of^^^JJ P^og^'^i^ areas in this respect, i Rather, 
its poor showing in the cefst-eff ecGweness list is due to the magnitude of 
estimated cost, whil^its bottom rankN?n the "effectiveness only" list is 
due to the high-r^k (low probability of\success) nature of the research 
proposed* I X 

The total estimated cost (for minimum support) of all program areas is 
approxLniately $10 million — spread over a period of three to five years. 
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Figure k. PROGRAM AREAS IN ORDER OF ESTIMATED EFFECTIVENESS 

C3. Requirements for Computer and System Literacy 
C2, Humane Design Criteria for Information Systems 
B4, Audit Trail, Surveillance, Security, and Fraud 

Ck. Computer Literacy for Dec! si on/ Makers and Opinion Leaders 

/ 

C7. Conflict between Right to Kno^ and Personal Privacy in 
' I nformat iontSystem Design 

A2. Values and Cogniti,ve Styles lof Model Builders 
83* Standard izat ion 

C9. The Social Psychology of Information Systems 

A5. ^Interface between Moddl guilders and Model Users 

CI. Retrospective, Comparative, and Case Studies of the Impact 
of Information Systems 

81. Structure and Regulation 

C6. Behavioral Cons^equenc^es of Information Avai labi 1 ity 

Al. Retrospective Studies of Models, Modelers, and Modeling 

Processes / ^ 

B2. Economies of Scale 

C8. Aggregation of Individual Value Judgments and Mediation of 
Interpersonal Communication 

A3, Role"^ of Group Judgment in Model ing 

CS* Regulatory and Competitive Dimensions of Access 

A4. pata-Base Requirements for Models 

A6. Validation of Computer Models 
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This amounts to between $2 and $3 million per year. Even if, for safety's 
sake, the estimated minimura support level is multiplied by a factor of two 
to three, th^ total yearly cost to support the nineteen program areas is 
than estimated to be between $5 and $10 million. To be sure, these areas 
are not exhciustive in any sense and jointly cover only a segment of the 
social-irapact spectrum. Nevertheless, this appears to be a surprisingly 
modest cost for the launching of a coordinated and sustained program aimed 
at understanding (and ultimately guiding) the humane and efficient develop- 
ment of a grc^up of. society's most pervasive technologies^ 



E, PydGlQUI IMPLEIdEbTTATION 

. A wide variety of agencies and institutions from both the p^lic and 
private sectors could join in support of selected portions of the proposed 
program. Chief among these is the National Science Foundation, incljjding^ 
the Division of Computer Research (e.g., social impact of m.odeling and simu- 
lation) and Research Applied to National Needs (e.<|^, technology^ assess- 
ments) . A 'number of executive departments, such as the Departmeni: of Healthy 
Education and Welfare, the Department of Justice, and the Department of La- 
bor, could deal with the changing patterns of information access and asso- 
ciated attitudinal shifts. On issties relating to the financial sector, a 
number of specialized agencies, such as tha Federal Reserve System, the Se- 
curities and Exchange Commission, the ^Federal Communications Commission, and 
the National Bureau of Standards, could focus on evolving structural and 
technological changes. In the legislativ^brahch, the Office of Technology 
Assesanent, the Congressional Research Service, and the Government Account- 
ing Office could each assist the Congress in monitoring computer-impact de- 
velopments on a broad front. In the private sector are a number of founda- 
tions, such as the Ford Founaation, the Carnegie Corporation, and the 
Kettering Foundation, capaj^le of focusing on -'particular future-oriented so- 
cial issuer stemming from the application of computer-related technologies . 

No guarantee, of course, exists that the proposed program will be suc- 
cessful. It could result in another obscure series of reports with little 
visible effect on the course of eyents. ,Or)e of the major hazards of the. 
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proposed program is shared by any strategic-planning effor^; 'namely, that *- 
the output of the program faiis to be coupled eff ect;.ively to the decision- 
making processes that it is designed' to influence. Thus, neither decisions 
nor behavior is influenced. And such a hazard is multiplied manyfold in 
the present context because of the diffuseness.of the processes tq, which 
the proposed program- must be tied. This suggests a need to establish an 
accompanying prqgram effort a^itsd at the ai^semination and splicing of pro- 
gram outputs to the world of action and the' public at large. ' ' 

Some initial recognition has already been given to these problems by 
the high priorities assigned to program eureas related to'achievlncf compu- 
ter literacy. But insufficient attention has been given *to how such lit- 
eracy prograuns are to be ijnplemente4. Similarly, onl/ n^inor consideration 
has been given to the ways in \<diich the results of monitoring and- experi- 
mentation programs are to be coupled with legislative processes, licensing 
procedures, and so forth. What is suggested is the need 'to develop new in- 
struments for action, 'such as public sector institutions (e.g., the Office; 
of Technology Assessment) for doing particularized sopial assessments; ,om- 
budsman functions for dealing with policy matt^ers on social isnpact; and 
public/private sector organizations (joint government/industry/univefrsi^ty) 
^r encompassing and balaincing the monitoring, assessment, and dissemina^- 
tion functions. Ultimately, the outcome will be largely ^deteianined by the 
actions and choices of an informed, lay public participating through estab- 
IxsH^d political (as citizens) and economic (as consumers) processes* But ~ 
the timely and systanatic generation of information required to create such 
an infomed public is a prerequisite for such action. It is toward this ob- 
jective that the proposed program is targeted. Apd, perhaps fittingly, it 
is to computer-related technologies lihat society may turn to facilitate the 
achievement of am increasingly av/arc ^and participatory citizenryi 

f ¥ 
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, . IV ! WORKSHOP Ot^ COMPUTER MODELING AND 

7, SIMULATION AS AN AID TO DE^CIS^N MAKING ^ 

A, WORKSHOP PARTICIPANTS 

The workshop pourticipants were Roy Amara (chairman), James B.' B<3uldeni 
^ Garry D. Brewer, Gary Fromm, Martin Greenberger, Earl B. Hunt, Philip J* 
Kiviat, Dennis L. Meadows, Richard L. Meier, Walter 0. Spofford, Jr;, James 
R. Verougstraete, Willis H. Ware (invited cochairman) , George £• Weathersby, 
and William S. Yamamoto. Appenaix includes biographical information on 
each of these participants. 

4 ' 

B. WORKSHOP " SUMMARY - - , ' 
/ 

The major theiue of this workshop was that the use of, computer model- 
ing and simulation is ctill as *much art as it is science. 

Little disagreanent existed among the participants at the level of ba-^- 
sic definitions of model, simulation, and game: a model 'is any symbolic 
representation of reality; a simulation usually involves the exercising of 
a model; and a game is a model with more than one participant, a't least one 
of which is a hu^an {)layer (iiaplying strategies and competition) . Differ- 
ences in definitions did begin to appear at a more detailed leVel — on whejth- 
er all computer models are dynamic by definition, on the distinctions bef 
tween real games and games of jest, and so forth. 

There was almost universal agreanent among the p^ticipaats that the «i 
technology (e.g., programming language, computer input/output capabi'lities, 
•etc.) for computer modeling and simulation in most fields is at lea$t five 
years ahead of the user*s ability to employ this technology. ' The signifi- 
cant probleias are clearly-model formulation and model application, gather 
than model construction. As succinctly put by one participant: "The tech- , 
nology of modeling provides little guidance on v^at to model or at what 
level of detail." . ^ * ^ ' 

The concept of a model and simulation space was advanced to clarify 
points of view on the uses and limitations of models. Physical -science 

*' '^^^^^ 
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and physical-process mcxieis are generally well, under sto6d, can usually be 
validated, and provide outputs that may.rbe readily used by.decisPion makers. 
To a lesser ext^^nt, these features also apply to financial-planning models, 
' ^conometric "models, and some environmental models-(^,g. i air-dispersion , and 
w^ter-quality models) . However, when we turn to^^iifban, regional, ecosystem 
and, general social -systeiti models', our understanding^ of basic* processes is ,, 
poor' or nonexistent, mode Invalidation is seldom attempted, and model out-J 
pi^ts sjiould be viewed with great skepticism by model users • In such in- 
stances, models and simulations should be used primarily to achieve quali- 
tative understanding of underlying pi^ocesses of complex systems rather than 
to produce usable quantitative outputs • < 

- These observ.ations lead to some interesting gonsequepces. Model ' 
builders bear a 'large responsibility for educating users on the limita- 
'tions.of modTels and for coupling them effectively to rhe deis^ign process* 
How this coupling might best be done is not at all clear. Most partici- 
pants rejected as impractical the notion that -model users and modef build- 
ers should eventually merqe identities." One interesting suggestion was 
that perhaps users should be educated in dealing with unvalidated models 
rather than in developing validation procedures that are likely to prove* 
inadequate. Other suggestions included improving data-base structures and 
' docteer.Lauion requirements as means fo'r facilitating communication between 
model builders and users. A final point noted was the almost complete - 
lack, of understanding of the factors that detennine the extent to which 
decision maker uses the outputs of a computer model or simulation. 

The theme that computer modeling and simulation are as much art form 
as science came most forcibly to the surface in the persistent consensus 
that considerable effort needs to be directed toward retrpspective studies 
of models, modelers, and modeling processes. Although such studies can 
yield high payoffs in advancing the field, they are not generally dpnG be- 
cause incentives are lacking for either model builders or users to do them. 
An ideal area for such initial study is urban/regional" modeling, where the 
required data are' publically available, substantial experience exists, and 
the ratio of successes to failures is small. Although the identification 
and initial understanding of some of the factors that produce success or 
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failure -.would be a significant step forward, many of the participants cau- 
tioned that useful generalizations could not be dravm f;i:oro such studies for 
some time. ^ ' ' . 

This view; in turn, led to several other observations. A key one was 
that mode^r^ credibility 'usually depends more on the identity of the model 
builjder and ^he output of the model than on model structure. In part, this 
is because the structure of many usel.i models depends on the ingenuity of 
the builder and the^ "adjustment of parameters or outputs** that he chooses • 
to, make. J^nother observation was that little hope exists at pre'sent for de 
veloping useful criteria for selecting and educating individuals who are 
likely tic> become successful modelers, even though most participants agreed 
that experimentation ^to find such criteria arid^ to develop*appropriate cur- 
ricula should be undertaken. ^ ^ 

Perhiips the most universally shared viewpoint concerned model valida- 
tion, specifically, the podr iinderst^rhding of useful procedures for effect- 
ing validation. Virtually all participants agreed that validation is the 
development of measures for increasing (or decreasing) the user's' (or * 
builder *'s) confidence in the utility of the model. Technically, this would 
involve t'he application of varying statistical and confidence-limit tests. 
Operationally*— and more importantly — it involves the development of proce- 
dures and measures that wauld, l^ad the user to understand the basis of 
model des4^n and to' compa^re model outputs to reality. In either case, meth 
ods would vary with, the kind of model (e.g., statistical vs. alternative- 
futures vs. world models) • Whatever the specific methods ultimately d^vel- 
^oped-f-'HrX participants agreed that little or no validation is now done for 
most social-science models^ . 

It 'was perhaps this concern with model validation that led to repeated 
stateii^ents of the necessity for finding ways to identify and wake more ex- 
pliii,t the value orientations of model builders. Clearly, the job of de- 
tecting such value orientations is -made infinitely more difficult if they 

become^ eiabedded in the internal working-^of tlie model, even though it is 

r 

recognized that value-free models are a fiction. In a closely related mat- 
ter, however, most participants rejected the notion that we may be approach 
ing a stage of model development in which' a real threat exists that 
computer-based models may act to "drive" society, rather than the converse. 



-36- 



9 



C, CANDIDATB PROGRAM AREAS 

Twelve candidate program areas were culled from the written and oral 
inputs of the workshop participants. These areas were intended to reflect 
major issues related to the social impact of computer models and simulations 
as aids to decision making. Each of the twelve was evaluated with respect 
to researchability and research priority. Figure 5 displays the candidate 
program areas in estimated order of incre^sing^ research difficulty (i.e., 
the most researchable appear first) . 

Retrospective Studies of Models, 
Modelers, and Modeling Processes 

Retrospective studies should be designed to improve general standards 
and practices in modeling. Those factors that result in success or failure 
need to be identified and evaluated (e.g., activities that deal with '*tun- 
ing" or "ad^justmenf* of models, as well as the heuristic learning that taOces 
place with model use).' However, some question exists on the extent to which 
the results of such studies may be generalizable. 

In a very pragmatic sense, models may achieve credibility either by be- 
ing on the "winning side" or by alerting the decision maker (e.g., when us- 
ing a corpoi^'ate model) not to take a particular action. But , the state of 
documentation can 'also be** a very ^important ingredient in determining model 
success* ^ * • 

* Modeling of Health-Service Systems 

The modeling of health-service systems can be a starting point in the 
d^elopmen't of a ge'neral understanding of the delivery of social services 
in urban environments. Blue C^oss and Blue Shield now cover about 100 mil- 
lion subscribers, or almost one-half of the u'.S. population, and their rec- 
ords constitute a current census of consid'^.rable signif ic'ance . 

Very little modeling is being done in the area of health-service sys- 
tems. Among the reasons are: (1) Hospitals are not generally operated by 
I those sympathetic to such modeling; and (2) federal sources of support are 
not currently viewing such modeling as a high-priority area. 
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Figure 5. ASSESSMENT OF CANDIDATE PROGRAM AREAS 
(Averaged Overall Rankings) 



P,ROGRAM AREAS 


RESEARCH- 
ABILITY* 


OVERALL 
PRIORITY 
RANKING'VA 
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Retrospective Studies of Models, Modelers 
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and Modeling Processes 


1 .2 
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2. 


Modeling of Hea 1 tIj-Serv i ce Systems 
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3. 


Da ta^Ba se Requ i rement s for Model s 


'•3 
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h. 


^Modeling of Personnel Characteristics and 








Personnel Pol icies * 


1.6 


12 


5. 


Interface between Model Builders and Model 








Users 


1 ./ 
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6. 


Documentation Requirements for Models 


1.7 
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7. 


Role of Group Judgment in Modeling 
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8. 


Validation of Computer Models 


2.0 
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9. 


Level of Aggregation in Modeling 


- 2.0 
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10. 


Identification of Values of Model Builders 


2.0 


6 


J 1 . 


Selection and Education Criteria for 








Model ers - - - 


2. 1 


1 1 


:12. 


Interface between Models and Society 


l.k 


8 



-Using a scale of 1 to 3» 1 = niost researchable, 2 = moderately 
researchabl e, and 3 = least or not researchabl e. 

--Using a ranking of 1 to 12, 1 = most important and 12 = least 
important, ^, 
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Data-Base Requirgnents for Models 

|, Research should l>e aimed at the develo^ent of procedures for achiev- 
ing a balance between a model (e.g., structure and cost) and its data re- 
quirements. Particular attention shou^ be given to the creation of pack- 
ages of general reformatting ana "dat^-scrubbing" programs that can be used 
with data bases that are incanplete and fragmentary. 

/ 

Modeling of Personnel Characteristics 
and Personnel^ Policies 

'The eniphasis here is on the develop^nent of theories of the individual 

/ 

as a deci^sion maker, permitting probability statements to be made about 
forecas/ed performance when faced with particular problem situations. Some 
initial work is being done by the Armed Forces in connection with personnel 
assignment and rotation policie;;:. Another objective^ is to achieve a better 
understanding of the interaction of individuals in large organizations. 



Interface between Model Builders and Model Users ' 
^ — • \ ' 

At least two important study areas exist here: (1) the development 
of inore effective ways to couple the varying levels of users of a model to 
the model-building^ process; and (2) an analysis of tMe behavior of a de- 
cision maker when confronted with a number of decision Hiiaking inputs, one 
of which is derived ^rom a computer nuDdel. Methods used in weighting in- 
puts from several sources to arrive at decisions should also be explored. 

Documentation Requirements for Models 

This area involves the development of useful standards to define the 
nature and extent of model documentation required to satisfy the variety , 
of needs of users and builders. This could begin with a standard list' of 
items describing a model: purpose, list of exogenous and endogenous vari- 
ables and their data sources, lists of equations, estimation techniques, 
and so forth* Beyond this, there could be a required index that would al- 
low the user to find his way easily through the docxiinentation . Finally, 
funding agencies may need an enforced set of review procedures at the con- 
elusion' of any modeling effort to assure the existence of adequate model 
documen ta tion . 

'15 " 



Role of Group Jtxigment in Mcxieling 

Methods for the collection/ integration/ and incorporation of multi- 
disciplinary inputs from several experts -to deri<;e information on model 
Structure and coefficients need to be explored. ' Considerable emphas'is must 
be placed on the role of modeling as a communication and integration vehi- 
cle "to help bridge organizational boundaries^ Because the use of group 
judgment in problem solving transcends its application in modeling, it may 
be that this application should be pursued in conjunction with other ef- 
forts for enhancing group ccmununication and problem solving. 

Validc^tion of Computer Models 

There is ail urgent need to develop procedures for judging the degree 
to which a mod^l reseaibles the "slice of reality" it purports to* represent. 
This is particularly true for models repr^en ting social systems / where 
there are no well-developed procedures for assessing confidence limits. 

The process of validation can sometimes be (Jone by comparing the model 
with laboratory experiments; sometimes by comparison to test cases that' can 
be handled by other methods; sometimes by ccaaparison to history; and some- 
times by co^arison with common sense , intuition/ or professional judgment. 
Validation may involve an examination of the structure of the model/ the al- 
gorithms that \are used to solve the mathematics/ the computer-program repre- 
sentation of \ th\ structure/ or the determination of parameters and special 
output features (including "pathological" cases in which the output behaves 
unexpectedly) The precision with which validation must be done' really ^ 
hinges on the purpc?se to which the model is to be put. 

It is probable that validation may not be possible except on a case-by- 
case basis. In any event/ only when the validity of a model can be ascer- 
tained can sound judgments be made about the utility of its results. 

Level of Agg^regation in Modeling 

The development of systematic rules for detemining the appropriate 
level of aggregation of model variables- is a particularly important issue 
in econometric and social modeling/ but exists in some form in all model 
building. 
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Some believe that (economic) models should be constructed only* at the 
micro or decision-unit level, while others (because of* cost considerations) 
opt for alternatives that utilizfe liiaited aggregation. But aside from cost 
considerations, (econonic) theory ana structural specifications are almost 
always inexact at micro-behavioral levels. Thus, some balctnce clearly has 
•to be found for matching the level of aggregation to the constraints of 
data availability and cost. 

Identification of ,Values of Model Builders 

Research should be aimed at the developm^^nt of ways to structure mod- 
els so that the value framework of the model builder^ is made as explicit as 
possible. By examining such values, one should be abl^ to weight their in- 
fluence on model stiructure and model outputs. 

Selection and Education Criteria for Modeler's 

This area involves the search foA useful criteria* to identify those 
individuals who are most likely to became successful modelers. Although 
there is some skepticism on the exteni\ tp which the search for suitable cri 

r 

teria will be successful, the objective is to determine the set of personal 
characteristics that^, correlate with high potential for modeling. Closely 
related is the question of designing training and education programs that 
will yield productive and successful model builders. 

Interface between Models and Society 

The degree to which model construction and behavior act to shape so- 
ciety is not clear. Although the current level of concern over this -issue 
is not high, the increasing scale of, activity with social models may bring 
the issue to this^tage^more rapidly and subtly than is generally 
appreciated. 
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D> SUMMARY AND DISCUSSION OF INVITED PAPERS * 

The following synopses of the three papers presented at the workshop 
include not only the points of view of the authors but also those expressed 
by others during the discussion. 

Canputer Modeling and Simulation (Philip J. Kiviat) 

• The decade of the 1960s was one of considerable progress in simulation 
programming and resulted in' advances in computer representation, lan- 
guage syntax, and model-support facilities. However, these advances do 
not help at $,11 in deciding what to model or at v^at level of aggrega- 
tion to raodel. 

• Simulation programming languages serve the very useful function of pro- 
viding building blocks that make it relatively easy for a model builder 
to construct a simulation model. In fact, since the selection of an ap- 
propriate modeling* language best suited to a particular task has been 
made easier, a major step has been taken toward improving the interface 
between model builder and model user. 

• Decision makers should be cautioned to use the outputs of most industrial 
and defense-related models-, with great care. Before quantitative results 
can be used as inp\ats for decisions, model assumptions and the quality of 
input data must be understood thorodghly. 

• Modeling as a canmunication process (i.e., in the sense that it provides 
a vehicle for interaction) may often be more important th^n the outputs 
v^idi the model produces. Thus, a model may be invalid as an estimator 
or predictor but nonetheless |)rove extremely useful in problem defini- 
tions. This is particularly true for social-policy models, where the 
primary use of modeling should be as an integrating tool to achieve im- 
proved qualitative understanding of complex system behavior. 

• Modeling is clearly not a turnkey business ♦ It is more an activity or - 
;>rocess than a field or science. Accordingly, the ultimate user must be 

f- * 

*Full texts of these papers are available from the authors. Copies are 
also stored in the x^roject files at the Institute for the Future-and the Na- 
tional Science Foundation. 
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involved in the process from the outset if it is to result in a useful 
product. 

• Although model users are becoming increasingly sophisticated, there is 
a dtscernible trend away fran the use of computer-simulation models in 
some quarters. Seme of this may be ascribed to difficulties experienced 
in the past due to overblown claiias of model builders or misunderstand- 
ings of model tisers . 

• The state of the art of modeli^ig^ technology may be five to ten years 
ahead of our ability to use it, -Therefore, effort in the decade of the 
1970s should concentrate on formulating and using models rather^ than 

on programming th^. Put somewhat" differently , the ^emphasis ^should be 
on canputer-simulation engineering rather than simulation sciences. 

• Major methodological problems Centering around the validation of compu- 
ter models include: (1) the nature of validation; (2) the measurement 
of validity for different model uses (e.g., observation of system be- 
havior, prediction, and analysis); and (3) the meaning of statistically 
valid data for stochastic models. It is equally as important to edu*- 
cate users on how to deal with incaftpletely ^alidateji models as it is 
to educate them on how to validate models. 

• Sane of the principal limitations of modeling -stem from the ease with 
which unexamined assumptions and value orientations can be incorporated 
in a model and the potential for concentration of- knowledge and author- 
ity within a small group of specialists and technocrats^ Among the pos- 
sible remedies for overcaning these limitations are: (1) the use of in- 
teractive model construction to promote model user-to-model builder and 
model user-tOHTiodel dialog; (2) open and adversarial hearings on model 
features; and (3) public dissemination of m^del characteristics. 

•/ In the short run, research is needed on the identification of the impor- 
tant variables of a model, on the training required to produce effec- 
tive model builders, and on the methods for involving decision makers 
directly in model construction. 

• In the long run, the single most important research problem centers 
around the interface between the model builder and the model wser. Ul- 
timatcly', perhaps this may be solved by merging the identifies of model 
user and builder. 



\ 
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The Role and Use 6f Models in the Regional 
Plainning Process (James R« Verougstraete) 

• Historically, regional -planning models have tended to focus on popula- 
tion and employment growth, land-use allocation, and transportation 
facilities. 

• Regional population and aiiployment forecasts normally use traditional 
demographic principles to make forecasts in the twenty- to thirty-year 
period* 

• Land-use-allocation models are generally fairly comRlex, require large 
* amounts of input data, and permit variation of the time intervals over 

iiAiich the model can be used to forecast* 

• Transportation models generally translate population, employment, and 
land-use forecasts into travel demands by using trip-generation, mode- 
split, and trip-assignment submodels, 

• In the past several years, considerable interest has grown in models 
centering around environmental issues: air quality; wa;ter, sewer, and 
flood control; and development cost/revenue, 

• Ai>:-quality models generally suffer frcxa a lack of accurate historical 
data (describing air-quality levels over time) , which is needed for 
model calibration and validation. Another problem lies in the transla- 
tion of the technical" outputs of the model into terms lijnderstandable by 
the citizen, * * « 

• The basic relationships describing interaction effects in water, sewer, 
and flood-control models are usually fairly direct and obvious, 

• Historical information on the direct and indirect public-investment 
costs connected with specific developnent projects is generally lacking. 
Furthermore, it is' very difficult to assess the secondary and higher- 
order effects of large-sccLLe developments, 

• For ur^an and regional models, computer size is not generally a problem, 
but input data is. It is often fragmentary, hard to locate, and expen- 
sive to collect. 

Staffing a regional-planning activity is a major problem. Generally, it 
is better to staxt with planners who can learn to model rather than with 
programmers or modelers who are interested in planning. 

50 
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• Elected officials appea^^^generally not to be interes^ted in the details 
of how models are constru^s;|*d or work, but only in the ability of models 
to provide outputs assessing consequences of planning options. Thus, in 

'principle at least, model bunders can exploit* the model and planning 
process for personal gain. 

• Among the principal uses of regi^smal -planning models are: (1) relating 
present options to future goals, together with attendant risks; (2) pre- 
senting development alternatives that might otherwise not be considered; 
and (3) providing a basis for preventing undesirable strategies presented 
by others from being adopted. 

• One of the more proiaising innovations inXregional-planning models is the 
developaent of a plan-evaluation model •to\enable private citizens, spe- 
cial interest groups, administrators, and others to interact with the 
model in the evaluation of alternative develop;rtent strategies. 

• Another important feature of such an interactive model is^to provide a 
forum through v^ich future plans and options can be evaluated against 
changing social goals. In principle, this wuld be done by allowing lay- 
mej/ito access planning data bases so that eiach alternative develo^ent 
strategy may be evaluated vis-a-vis local goals and objectives. 

• One explanation for the lack of success with urban- and regional-planning 
models is the overselling of achievement that has been typical in the 

• pa^t. Until recently, insufficient awareness has existed of the general 
unavailability of the basic data required to drive a useful model. 

Policy Decisions and Economic Models (Gary Fromm) 

• The first* econometric model describing the structure of the economy was , 
built in the late 1930s. At present, about twenty models of jil%jU.S. 
economy exist. Far fewer models exist for each of the developed cpun- 
tries, and none exist for irtost other countries. 

• Econanetric-model outputs are, and should be, used in decision making. 

• Data bases for econonetric models are more complete than those^ for many 
other social-science models, but even here gaps exist and some data is 
inaccurate. 

As an illustration of the increase Vn sophistication bf econom^tr.ic mod- 
els over the last five years, the ndmber of equations has changed roughly 
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from 50 to something like 15b; and in one particular model, the number 
of equations is actually 760. \ 

• The practice in econometrics is to make reasonableness checks on the out- 
put* of the model and to make adjustments directly on the output in order 
to make the sense of the output jibe with the professional judgment 6f 
the person whd has built and run the model. However, this procedure has 
declined markedly in recent years. ,For example, in the fifty equations 
that models used in the recent past^ perhaps forty of "them were adjusted 
in order to get reasoneible solutions. In the corresponding contemporxiry 
situation, perhaps only te^ are similarly manipv^lated. 

• Practically network has been done on validation of econometric models; 
ultimately, each model should perhaps be accompanied by ^rf ormance 
data trom a battery of statistical tests as a validation index. 

• The principal advances made in econometric modeling ixi the last decade 
are; (1) the ability to disaggregate at lower levels; (2) a lessening 
of the necessity to adjust model outputs or parameters; and (3). the ex- 
tension of forecasts to two- or three-year time horizons. 

♦ 

• The most successful econometric-model-construction efforts have involved 
team modeling (e.g., the Brookings model). 

• Prospects are good for interconnecting econc^netric modeling to both cor- 
porate- and regional -planning models. 

• The problem of errors in econometric models is a real one, especially 
the lack of good statistical and analytical techniques for examining the** 
*propagation of errors through large models. 

• Significant problems also exist both in conmunicating with users of econ- 
□metric models and in attracting potential users of such models. For ex*, 
ample, until recent years, the federal government generally paid little 
attention to outputs of econonix: models. One significant 'improvement 
over the last fiVe years has been an increase in the detail that can be 
actommodated witl^in a model (this is probably a consequence of much bet- 
ter ccmputir^ power and improved algorithms to handle the larger systems 
of equations) . 

^ • Resecurch support for econcmetric modeling should be distributed in prior- 
ity order as follows^ theory building, data collection, and methodology. 

t 

t 
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E. GUIDELINE QUESTIONS FOR THE WORKSHOP 

Ccfuputer simulation (both pure process modeling and gaming) which m- 
ploys human decision making in the model i^s being looked to increasingly as 
a tool for the researcher, student, and practitioner in areas 'as diverse as 
urban land-use planning and international relations. Its use has ^een stim- 
ulated by the recent development of sophisticated models for analysis of 
pollution control, land usage, and other important areas of social concern. 
Its impact has been most directly brought home to the political establish*- 
ment by the development of global models ^that sharply challenge certain as- 
sumptions and attitudes held dear by- much of society. 

The social costs of accepting the results of societal models are enor- 
. mous, yet the potential danger of ignoring them, if they are correct, is 
even greater. Hence, there is much doubt and hesitance about accepting 
these models as bases for decisions; and a need exists to establish a ra- 
tional basis for designing tViem,^ evaluating then, and incorporating them 
into the decision process in such a way that basic social values are not 
trampled. • ^ 

The research iiapli^d is multidisciplinar^ and requires understanding 

* 

of both the technology of system builc^ing and the social context in v^ich 
the system will operate.. This vprkshop represents an initial effort to iden- 
tify the.impcrtant (questions concerning simulation and define areas of re- 
search needed to refine the tool, thus increasing its utility**, availability, 
and comprehensibility to the user. ^ * ' 

Questions on Social Impact ^ • - 

1. *What effects can or do conputer simulation and modeling have on decision- 

mciking patterns? Kre there data which! indicate ho\^ equivalent results 

1 

based on amalytical computer models anci more conventional mental models 
are used and interpreted by various clasSi^s of decision makers? How 
important is the mode of presenting the results, and does the presenta- 
tion tend to dominate over the source of the output data? 

2. Several observers have advanced arguments to the effect that computer- 



based modeling and simulation tend to cojicentrate decision-making au- 

uiocr 
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thority in the hands of a 'few technocrats. Are there obvious 



ERIC 



institutional mechanisms v^ich yill allow concerned citizens and public- 
interest groups access to the design, control, and uSe of such auto* 
mated tools? 

3. How does one go about structuring models so that value-orientation func- 
tions are an explicit input v^ich can be identified euad evaluated 
easily? 

4. What is our capability, and vihere are the important research problems, 
in the area of building better interface systems between computer-b^ed 
models and nontechnical users? * X' 

5. Has any general agreement begun to emerge on the ethical considerations 
which guide the model designer and user?' For example, how should one go' 

out evaluating the need for validation of output against the need to 
provide an "early warning" of apparent problems? What are the dangers 
of overselling the field before it has reaqhed an adequate J.evel of ac~ 
' - curacy and effectiveness? 

Questions on Methodology ~ 

1. What is our level of understanding of the procedure of model design, ?ind 
what research needs to be done to improve the -science? There 'are also 
technical questions, such as level of aggregation and tfie" selection oi^ 
modelling language, and system questions, involving the interface between 
the model builder and the user. 

What IS i:he state of the art of presenting the results^of computer mod- 
♦ els in a comprehenaable way? 
3. What procedures do we need to develop .o allow validation of a model? 
This question relates to the stability of computational methods, as 



well as to the accuracy of the data base, of the relational equations 
and of the coefficients in the calculation. 




V. WORKSHOP ON C0^1?UTERS AND FINMCIAL PROCESSES 



A. WORKSHOP PARTICIPANTS 

The workshop participants were Roy Amara (chairman), Donald G. Barnes, * 
William T. Dentzer, Jr., Herbert Edelheftz, Donald E. Farrar,* Paul £• 
^ese, Robert C. Hall, Donald P. Jacobs, C. Richard Justice # Alan F. Kay, 
Nerl McKay, J. A. McQuown, Meyer Melnikoff, John R. Mey^r (invited cochair- 
man), David H. Morgan/ David Novick, Alraarin Phillips, and^George C. White, 
Jr. Appendix B includes ^^Diographical information ^on each of these partici- 
pants.' / " ' " / 



Ek WORKSHOP SUMMARY 

Classical notions about industry structure, regulatiorf, and competi- 

0 tion iTi the financial sector must be reexamined and refomvulated to reflect 
*the pervasive impact "of computer technology on that sector. J *^ 

Both industry structure and regulation are strongly influenced by com-' 
puter technology: the number and kinds of* firms, the manner in which ser- 
vices provided by sucli firm3 are grouped, and the ways in which relative 
conditions of monopoly or competition exist. For each of the majot indus-^ 
tries in the financial sectqr — securities, handling, ^nd insurance — the im- 
pact of technology on structure is believed to be v^y significant, al^ 
though taking a different form in each case. In the securities industry 
the application of technology (aided by pressures from the SEC and from in 
dustry self-interest) would very likely result in the creation of a truly 

^^^^^centlral market system linked *to.a unified clearing and depository system. 

^Vlii^'^he banking industry, the principal structural effects would likeiy be: 

^fei4onti 



continued reduction in th^ specialization of financial^ institutions ; a re- 

n^i^c 



duction in the total number of banks; inteasifi^S^ion of competition on 



ERIC 



*AssistSl~cochainnan in structuring th& workshop and in summarizing 
e sessipns of the Sirst day. ^ 
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, botJj geographic and services bases; and direct access to payment mechanisms 
by. nonbank institutions. Although the insurance industry might be somewhat 
less affected structurally, the impact on the marketing function would con-^ 
tinue to be felt through growth in thp variety, range/ and individualization 
of service offerings. In short, technology is acting, and will continue to 
act, as a major restructuring force in a large part of the financial sector, 
often creating or stiraulating changes that regulatory policy^ was designed to 
prevent. More Specifically, major points made by the workshop participants 
(but not necessarily reflecting majority views) include: (1) regulatory pol- 

^ icy is generally impeding rather than facilitating chaP' ^2) on the whqle, 
self -regulation has proved to be ' unworkable^ (3) multiple regulators are to 
be preferred over "reg^-^^.^ory czars"; and 7(4) in the absence of knowing what 
regulatory needs may t the ^atutre, increasing reliance should be placed 
bn "freennarket^" competitive forces to, help shape industry structure. 

Closely related to issues of industry s^uctiare and regulation — and 
strongly^ influenced by them — are questions of industry centralization and de- 



centralization. Centralization and decentralization may be defined in sev- 
eral denser, )Dut the participants* emphases were on geography and function. 
Sane felt that technology (e.g., minicomputers and data communications) may 
bring about massive geographic decentralization* in the f ihancial-services in- 
dustry. Others questioned whether such decentralization might not be func- 
tional rather, than .geographic since hardware usually does not represent a ma- 
jor ,cost of a total system^ Perhaps, most important was the observation that 
issues of centralization vs. decentralization can be resolved almost' indepen- 
dently of the role of ^computer technolcgy; Jthat is, since technology is a 
"neutral" factor v' h respect to centralization or decentralization, i^e fi- 
nal .choices can be made on other grounds. Such "other grpunds" inclAide^^^^se " 
of access to markets, maintenance of a competitive market environment,' and 
the realization of economies of scale. 

Considerable skepticism was voiced pver the elxtent to which real eco- 
nomies of scale exist in the financial -services sector. An important dis-' 
tinction was made between "unit or component" and "aggregate or end-to-end'/ 
scale economies* Unit scale economies are often mistaken for aggregated* or 
actual scale economies. Generally/ there is little understanding of thef ' 
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nature of iscale economies in dealing with production-function characteris- 
tics of a variety, of organizations producing a variety of outputs. More 
specifically, the magnitude of presumed economies of scale used to justify 
a single, monolithic transfer system in the securities industry was ques- 
tioned. Real benefits derived from economies of scale must be measured in 
terms of bfenefits to industry (production outputs, additional information, 
or cost savings) or. in terms of bene'^fits^ to consumers (convenience, iiitan- 
gible benefits, and cost savings). At the same tiine, the point was made 
that with no firm understanaing of the extent to which economies of scale 
az'e applicable in an industry, it is best to opt for the marketplace and 
competition as shapers of industry structure* » 

Perhaps no topic generated afs much heated exchange among workshop par- 
ticipants as standardization within the securities industry. ^At one ex- 
treme, the observation was made that neither standard forms nor standard 
procedures were necessary, but instead simply "acceptable** forms -and pro- 
cedures falling within broadly defined norms ^ At the other extreme, stan- 
dardization was deemed almost synonymous with the continued development of 
the industry; that is, extensive ' industry standardization is a necessary 
precondition tg the achievement of needed economies of sccfle, even though 
^this could also lead to a monolithic (if not monopolistic) industry struc- 
ture. Soifrewhere between the^e 'Extremes, the point was made that standardi- 
zation need apply only to the communication interfaces of interlinked de- 
centralized or regional systems, thus maintaining a basically competitive 
and innovative industry environment. 

In a very real sense, 'structure and regulation, centralization vs. 
decentralization, econom^i:S of scale, and standardization represent a set^ 
of closely interlinked industry .issues rii|fc^properly occupiea the major 
share of participant attention. Two other^nportant sets of issues also 
emerged. The first set deals with notions of establishing audit trails, 
maintaining pr:^vacy, controlling preauthorized payn\ents — ^measures de- 
signed to translcice component feasibility into system or operational fea- 
sibility. However, the key questions revolve around the true system costs 
for achieving the necessary level of protection against possible abuses in 
a computerized environ*aent . The second set of issues concern the 

37 
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developaent of "soft" interfaces between service systems (using computers) 
and the users or consuiacrs which such systems are designed to serve. In- 
cluded here are:^<l) siraple methods for achieving unique personal identi- 
fication at^Juv^ input of a service system; (2) the tailoring of personalized 
service^ackages; and (3) the humanizing of the Vmessage-exchange" inter- 
face between service system and consumer • 



C, CANDIDATE PROGRAM AREAS 

Nine candidate program ar^as were culled from the written and oral in- 
puts of the workshop participants. These areas were intended to reflect ma- 
jor issues related to the application of computers in the financial sector. 
.Each of the nine was evaluated with respect to researchability and research 
priority. Figure 6 displays the candidate program areas in estimated order 
of increasing research difficulty (i.e., the most researchable appear first). 
In each case, it should be noted that the focus is the impact of computer 
technology on that aspect of the financial sector defined by the candidate 
program area in question. 

Economies of Scale 

The extent to wh ich'^^^^fflciu ie s of scale exist in the financial sector is 
not known; nor is the^ manner in which these are being modified by applica- 
tions of the computer. Study areas should include: (1) a determination of 
thej existence of, and distinctions between, aggregate vs. unit economies of 
scale; (2) comparisons of large-scale computer systems to minicomputers and 
communication links; X3) caaipetitive impact of joining trading and post- 
trading execution systehts; (4) the applicability of economies of scale to 



production-function charaqteristics of an organization's product/service out- 
puts, and (5) the relatic^ship of econon\ies of scale to industry structure, 
natural monopolies ^ and regulatory options. 
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Retrospective and Conparative Studies 

The emphasis here is on the systematic and continuing study of the role 
of automation in the banking, securities, and insurance industries. K^y 
areas would include: (1) an analysis of the similarities and differences 
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Figure 6. ASSESSMENT OF CANDIDATE PROGRAM AREAS 
(Averaged Overall Rankings) 



PROGRAM AREAS 


RESEARCH- 
ABILITYA 


OVERALL 
PRIORITY 
RANKING** 


1 . 


Economies of Scale 


1 .42 


2 


2. 


Retrospective and Comparative Studieb 


1.45 


6 


3. 


Standard i zat ion 


1 .58 


3 


k. 


Structure and Regulation 


1.75 


1 


5... 


Audit Trail, Surveillance, Security, and 
Fraud 


1 .82 


7 


6. 


Personal Differentiation 


1 .82 


5 


7. 


« 

International System Implications 


1 .90 


8 


8. 


Centralization vs. Decentralization 


1.91 


, 4 


9. 


Macroeconomic Effects 


2.00 


9 



-Using a scale of 1 to 3> ' = most r esearchabl e, 2 = moderately 
researchabl e, and 3 = 1ea*;^ or not researchabl e, 

""Using a ranking of 1 to 12, 1 = most important and 12 = least 
important. 
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in approaching automation among the three industry groupings; (2) identifi- 
cation of institutional barriers to automation; (3) technical-dif fusion 
characteristics in transitions from manual to computer processing; (4) the 
role of the SEC vis-d-vis the role of the FRS in facilitating automation; 

(5) relationships of technology to competition cind industry structure; and 

(6) the interface of the financial sector with other industrial sectors. 

Standardization 

The relative merits of technical and operational standardization in the 
financial sector should be explored from the cost-benefit standpoint. Key 
areas would include: <1) the purposes, nature, and timing of standards; (2) 
communication and systeE[i/user interface standards; and (3} the relationship 
of standards to ecotiomies of. scale, monopolistic • tendencies , and interfac- 
ing requirements. 

Structure and Regulation 

Research should be aimed at analysis of the relationship of'_ industry 
structure to regulation in the financial sector and the ways in which this 
structure ( and its relationship to regulation) may be modified by the appli- 
cation of computer technology. Study areas should include: (1) the rela-*^ 
tive growth of integrated or specialized services; (2) the impacts of new 
services and repackaging of old services on industry structure;^ (3) the reg- 
ulatory implications of the technological innovations; and (4) marketing 
and aistributior. systems of financial intermediaries, particularly economies 
of cross-selling services. 

Audit Trail, Surveillance, Security, and Fraud 

Potential computer -related abuses created by the increasing automation 
of the financial sector need to be iaentified and analyzed. Key study areas 
include:,- (1) the economics of audit-trail impleiaentation ; (2) the develop- 
ment of new sets of pattern indicators to detect abuses; and (3) the rela- 
tionship of surveillance methods^nd standardization choices. 

I 
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Personal Differentiation 

The whole range of issues dealing with individualization of automated 
systems needs to Be explored* Study areas should include: (1) the feasi- 
bility of input-identification systeras; (2) opportunities for tailoring 
services to individual needs; and (3) the humanization of the interface be- 
tween consumer and computer system • 

International Systa:n Implications 

An investigation of the international implications of automation would 
require retrospective and comparative studies of foreign systems, standcurds 
and market interfaces, and surveillance issues. 

I 

Centralization vs> Decentralization ' 

The focus here should be on investigation of the competing tendencies 
for centralization and decentralization and the role technology may play in 
this competition. Key areas would include: ' (1) centralization of decision 
making vs. centralization of services; (2) geographic vs. functional cen- ^ 
tralization; and (3) the relationship of indjst:ry structure to competition, 
diversification opportunities, and specialization or integration of services 

Macroeconomic Effects . , ^ 

The emphasis here is on the study of the indirect impacts of computer 
technology on the financial sector and the ultimate effects on monetary 
policies, capital formation, Savings, and investment. 

D. PANEL REPORTS 

The first day of the workshop was structured around three major 
themes: organization of securities markets; clearing mechanisms- for bank- 
ing and securities industries; and provision of financial products and ser- 
vices. Corresponding* to each theme, a "panel of three participants was des- 
ignated prior to the workshop to prepare and present points of view on 
critical policy issues related to canputer impact. The proceedings of 
these presentations as well as the reactions of the other participants are 
summarized below. 
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Organization of Securities Markets (C * Richard 
Justice, Robert C> Halj., and Alan F. Kay) 

C, Richard Justice 

m The National Association of Securities Dealers Automated Quotation Sys- 
tem (NASDAQ) resulted froa a combination of the following circumstances: 
(1) the desire of the SEC*^o iraprove ^omnunications and disclosure in 
ore trading markets; (2) the availability of technology; '(3) the self- 
interest of securities firms in reducing costs and improving customer ac- 
ceptance of securities traded in these markets; and (4) the existence of 
an orgar>dLzational framework provided by NASD. 

• Major impacts on OTC trading markets have. resulted from the reduction in 

communication costs made possible by NASDAQ. Some majbr New York trading 

houses have lost their former dominance as market makers in OTC stocks 

while regional firms have been strengthened; and large Vire houses have 

taken advantage of increased interest in OTC markets by strengthening 

* 

their market-making operations. 

• The wider dissomination of bid/ask quotes produced ^by NASDAQ has (1) nar- 
rowed spreads, (2) iiaproved information, (3) improved surveillance, and 
(4) generally improved the quality of secondary trading markets in OTC 
securities. 

• Three of the circumstances that are necessary for the creation of a cen- 
tral market system for trading listed securities now exist: (1) pres- 
sure by the SEC; (2) available technology; and (3) interest of non-NYSE- 
meiiiber firas in obtaining nondiscriiiiinatory access to a ^'central m^^rket- 
place" . However, tlie final ingredient (corresponding to NASD for OTC) 
does not exist since the NYSE does not represent an appropriate organi- 
zational framework. 

• Strong, opposing private interests would be affected by proposals to 
create an open central market system. Third-market dealers ^and non- 
exchange -meriUDer flms stand to benefit from the creation of the system; 
exchange speciali.^ts , the NYSE, and regional exchanges as operational 
entities are all threcitened by the proposed creation of the system. 
Some participants felt that (in the evolution of a central marke^t sys- 
tem) regional exchanges would evolve toward the provision of pure 



service-bureau functions. At the same time a single regulatory frame- 
work would onerge with the creation ot a single, nationwide trading' mar- 
ket for listed securities, 

• Computer-based communications activities have been automated with the 
-least resistance in the securities industry, because such activities op- 
erate in support of selling. On the other liand, the traditional lack of 
interest in back-office operations has in\peded the intelligent applica- 
tion of coraputers to these operations, . 

• '^he effect of automating back offices will be to replace such in-holisQ 
functions with ^hared services, such as those provided by the National 

^,-^J^aring Corporation, . Thi's will result in itaprovement of the compet*i^- 
/ tive position of small- and medium-sized firms, 

• Some debate occurred over whether large firms would benefit pore or less 
than small firms from reduced eomiaunlcations and data-processing costs, ' 
It was arguea that the substitution of fixed costs for variable labor 
costs in very small finas might increase rather than reduce their total 
clearing costs. On the other hand,- this would result in continually de- 
creasing unit costs for largei -scale operations, thereby benefiting the 
larger firms^. 

• A single depository and a sinLjle clearing system are expected to develop 
in the securities industry as a result of continually increasing econ- 
omies of scale for these functions. In addition, increased fixed costs 
resulting from the introduction of computer;s are likely to aggravate ex- 
ioting probler.is faced by tre industry in terms of the extreme volatility 
of its revenues. This vvould likely encourage further efforts within the 
industry to reduce revenue and earnings volatility through diversifica- 
tion into other activities. 

• Revenue and earnings, volatility requires greater perraanence of capital; 
thus, profits from pf-osperous years must be retained to finance lower 
earnings or losses during succeeding years, 

Robert C, iiall 
t 

• The securities industry is far behind other industries in the applica- 
tions of conx^uters (with the possible exception of NASDAy and some back- 
office operations) . The industry is now on the threshold of major 



changes due to a combinatton of regulatory, and cost pressures. 

• The principal developaents that may result from the application of com- 
puter and communications^ technologies are: (1) a tzentral market system 
with a number* of Regional inputs; (2) a single depository system; (3) 
tight coupling between trading processes and depository^^functionsj (4) 
"locked-in" trade; and (5) marf/machine. intei&iace on both sides of the 
trader One-day settlement of securities transactions may be possible 
in less than five years. • 

• A central trade-reporting -system may some day collect and report all 
trade -data and trigger the post-trade clearance- process . Obstructions 
to the developnent of such systems are not te'chnological^/ but ratjier 
political or private interest in nature. 

• The development of a J:6tally automated trading system" may lead to a 

' purely dealer market, in .addition the survival of the auction market 
could require protection in the form of priority that would be accorded ^ 
limit orders by individual investors oyer dealers trafiing for their own" 
accounts. 

• Automation will not replace humans in the market system because of the 
requirement to sense market shifts and to assume risks. 

• No important changes in the profile of functions performed by securities 
firms are visualized except that there could be greater emphasis on ser- 
vice than on mechanical functions. 

• Among the important issues or problems related to automation are: (1) 
the creation of audit trails within automated systems; (2) the develop- 
ment of input devices to permit the movement of data more quickly; an4 
(3) tiie development of standards that would result in reduced operating 
costs while at the same tin\e maintaining opportunities for the develop- 
ment of competitive, innovative systems • On this last point/ there was 
some difference of opinio^ on the role of economies of scale in forcing 
a somewhat monopolistic structur^to develop • 

Alan F> Kay 

• Autex is a private communications network dealing with block-trading in- 
formation for the institutional trader • Its desJ^ is premised on the 
philosophy that the securities industry must consider its services from 
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the point at which the existence of an order is speculative or uncertain 
rather than v^en the order is in hand- 

• The principal item transmitted through Autex is an "interest message". 
Approximately one in thirty interest messages results in a trade. Autex 
currently accounts for an average of one million sh^es per day. 

• As Autex has grown, new features have been added. Post-trade confirma- 
tions, screening features, and an ability to recall historical data have 
been added to the system since it beg^n operation. New markets such, as 
bond trading have been added; and a lumber-inventory trading system is 
planned for the near future. 

• Ai^x and NASDAQ currently serve two quite different markets though ei- 
ther could, with modifications, perform many of the functions novf offered 
by the other. Autex, offering greater flexibility, tends to deal with 
trades where negotiation is desired prior to execution. NA^DAQi, with 
lower retrieval times and more highly formatted quotations, focuses on 
the higher volurae of sraall-order transactions in OTC markets, Princi- * 
pal areas of interface are where brokers enter messages through Autex 

on both sides of .the marke^ 

Discussion 

• The issue of standardization was exafained at great length. On one hand, 
standardization is often used as dt wedge ' for exclusivity. Standardization 
i^ permissible for communication processes at interfaces* (particularly ♦ 
for physical systems), but standardization is not required elsewhere. 

On the ether hand,, standardization may be necessary for making progress 
in the industry, and the inherent economies of scale resulting from in- 
creased automation may lead to the development of a' monopolistic 
, structure. 

• The question of the future roles of exchanges in a central market system 
was also raised. Exchanges will continue to exist to. perform self- 
regulatory and trading functions. Furthermore, the trading floor could 
coexist with electronic trading systems because ,of efficiencies in ver- 
bal communication and because such market makers could compete effec- 
tively with off -floor market makers, operating through electronic com- 
munication and trading systems. 
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• The market system itself should create the structure of the securities 
market. Both technology and tax laws have forced moves toward a "free" 
market. 

• The question of tli^e relationship between the organization of the U.S. 
securities market and international markets was also raised. At present 
there are no interfaces (and therefore no traffic) between such systems. 

Clearance Mechanisnis for Banking and 
Securities Industrie's (William T, Dentzer, Jr.,- 
David H. Morgan, and George C. White, Jr. 
» 

William r. Dentzer, Jr. 

• The Central Certificate Service (CCS) has changed its name to the Depos- 
itory Trust Canpany (DTC) and the new corporation will have membership in 
the Federal Reserve Systeia as a lir.ii ted -pur pose trust company. DTC is 
embarked on an effort to expand its services outside New York City and to 
offer them in a nondiscriiainatory manner, not just to brokers but to 
banks, insurance ^companies, investment companies, and other financial 
institutions. 

• In the present context, the clearance function is defined to include the 
following principal functions: (1) corroboration of the existence of a 
trade; (2) 'netting down trades to achieve efficient settlements; (3) de- 
livery of securities; and (4) related payment of funds. 

• A National Depository System could be developed conceptually in a^y of 
three ways: (1) as a federally created and operated system; (2) ^by ex- 
panding one existing depository into a national system; or (3) by recog- 
nizing the existence of regional depositories linked into a national 
Systeia. Although either the first or second option might benefit from 
economies of scale, economic and regional rivalries would probably im- 
pede theN^evelopaent of any but the third option. 

• DTC envisions the use of a network of regional banks as input centers for 
its system iri all areas except California and Chicago, where regional de- 
positories already exist. 

•- DTC will become a nonprofit mutual organization. It is financed by a 
schedule of charges for its use. Current charges are based on per-share 



activity^ and future prices will be more related tc the cost of provid- 
ing each service* ' ^ / . 

• Beyond insurable risks the credit problem for DTC is aelf-insured within 
the depository's membership. The depository guarant^s the credit of 
each mauber in daily settlements; and failures would be covered by as- 
sessments on members. 

• Other forces at work within the securities industry may lead to some in- 
crease in concentration. However, the depository functiofa per se jhould 
be neutral/ by insisting that its membership be open to all qualified 
institutions and broker dealers, and that its pricing structure be con- 
structed carefully to insure that no class of member is treated prefer- 
entially. 

• Other benefits resulting from automating the clearance and settlement 
process are that record keeping would become more Standardized andi 
would be improved overall. 

*^ 

David H. Morgan 

• Alternative clearing methods include: (1) trade for trade with dollar 
settlement; (2) trade for trade, net, with dollar settlement daily; (3) 
daily net, deliver balance order (with and without depository) ; and (4) 
continuous net settlement, with and without depository. The trade- 
completion process as outlined, includes customer, floor, clearing, and 
depositoiry functions (includincj transfer) , in a variety of different se- 
quences and configurations. 

• The National Clearing Corporation (NCC) was founded in 1969 in the midst 
of Wall Street* 3 "fails crisis" to provide a national clearance system 
for ore stocks. 

• A relationship may be developing between the proposed central market sys- 
tem^f composite tape, communications system/'and nationwide trade- 
compl-etion process, that will permit trades in exchange markets to be set 
tied directly from the point of trade reporting, into a depository envi- 
ronment. However, because so many secaarities in the OTC market are in 
short supply to depositories, raany of them would continue to be cleared 
outside a depository environment. These trades could be completed in the 
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future through cofntinuous net settlement, in NCC or other automated clear- 
ance .systems • Where depositories cannbt be used, bcmk-transf er agents 
would continue to play a role in the trade-completion process. The sys- 
tem necessarily will remain labor intensive as long as securities must be 
handled physically, 

• It was reported that 75 percent of the NCC system computer time currently 
is use4 for clearance, and 25 percent for regulatory surveillance and 
control ♦ The proportion devoted to surveillance and contrdl is growing 
and would continue to do so, to the benefit of improved disclosure and 
regulation in securities^niarkets, 

• Regional exchanges operate NOC points of entry inVo the system on a 
"faciliti-es-management" basis. The system now is being tied into RASDAQ, 
which will permit direct interface between NASDAQ and depositories such 
as OTC ..^ , 

• Proposed legislation €|\erging from' House and Senate Securities Subcom- 
mitt-ees will increase federal control over the clearance process* »The 
House version envisions vesting control over clearing agencies smd de- 
positories exclusively with the SEC; the Senate version envisions re- 
sponsibility over clearing corporations vesting with the SEC. and over 
depositories vesting with the FRB, The Securities Industry Association 
has reccxnmended that competition be taken ,out of the clearing organiza- 

'tions, ThQ SIA reccramends that all these organizations be replaced by 
a single National Clearing System, 

George C* White, Jr. 

• The volume of l^ank stock-jL^ansf er transactions has dropped as a result 
of growth in the availabil-ity and use of "jumbo" certificates and se- 
curities depositories. Decreased volume has led banks (which had often 
regarded transfer as a peripheral activity) to reevaluate and improve 
their own transfer op^ations. By using the transfer-agent depository 
(TAD) concept, bank-transfer agents can appr<0ch the efficiency offered 
by depositories in the transfer function for.^ldrge institutional hold- 
ings, • The TAD concept is used by Merrill Lynch with large transfer 
agents, A large balance or jumbo certificate is used to make transfers 
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as directed by Merrill ILynch, and new balance positions are determined 
daily by the transfer agent. The Firs*t National Bank of Boston is experi 
menting with the'TAD concept for individual stockholders. 
The principal emphasis in bank applications of automated Systems/ however 
is on the development of electronic-transfers capability using standard 
formats. Examples are the COPE system in Atlanta and the SCOPE operation 
in California, i\ Bankwire system, which is being operated by a consor- 
tium of over 230 banks for large money transfers, may be modified for dis 
bursing high-volume transactions such as dividends, p&yroll, annuities, 
and so forth* In New York City, the Automated Clearing House System** or 
CHIPS (Clearing House Interbank Payments System) transfers funds between 
banks for international transactions and is being upgraded with a new com 
put^r switch to include other types of payments,, 

Awareness of problBias in the development of paperless funds- transfer proc 
esses is growing, such as format and procedural »standard4-zat ion. The 
New York system has standardized its transfers on funds valued the next 
day, rather than on the day of transfer and settles Approximately $50 
billion daily, ! 
The questio^t^as raised of whether electronic funds transfer or the ' 
"checkless society" appeared to be eiaerging more rapidly in the area of** 
disbursement of credits than in the collection of funds. As an example, 
the Air Force experiiaent with the Federal- Reserve , Board was noted, where- 
in the Air Force payrolls are deposited directly by wire in the employ- 
ees* personal checking accounts, without the intervening use of the " 
checks. Examples on the payment or debit side included the combination 
of Consolidated Edison with New York Telephone bills for simplified bill- 
ing and ccllectioh to achieve savings in bill-preparation expenses.' 
Customers more readily forego their control over the timing of payments 
by check in exchange for the convenience of paperless transactions, 
where such payments are contractually fixed (as for mortgage payments) 
than they do for departirient store or other more variable chlarge 'accounts* 
A comment was made on the duplication of credit-card systems developed 
Separately by banks, rather than by integrating credit-card operations 
with an already existing, highly efficient check-processing system* If 
credit cards had evolved in the form of "overdraft banking" rather than 
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as parallel^ and apparently separate system^ , the result would have been 
more a variation of check-processing capability than a completely inde- 
pendent systan. 

\ " 

Included here is a suiiuaary of some obsei^vajtions made in a luncheon ad- 
dress by Mr* Donald G. Barnes on the role of the, Federal Reserve System in 
banking automation. 

• The FRS Steering Canmittee oo Improving tHe Payment Mechanism Took '^e- - 
necessary initiatives to move toward automation of clearance mechanisms 
based orj the realization that the growing volume of checks would become 
increasingly costly to hanale and that competition for labor would be- 
come increasingly difficult, 

• The following historical' developments are related to increasing automa- 
tion: the establishraent of RCPC's (Regional Check-Processing ^Centers) , 
SCOPE/ th^ Atlanta EB-r Study, Automatic Clearing Houses, and the use of 
pr^author^ized debits* 

m The FRS^ has recently been, petitioned by the Air* Force to distribute its 
payroll checks directly to offices around the country-. This is likely 
to be followed by similar requests from the Anny, Navy, Treasury Social 
Security Administration, and so forth. 

• In the rolti of wholesaler -or intenaediary for member banks, the FRS has 
also been pe*-.itionea recently to provide a POS (point-of-sale) mechanism 
for the exchange of debits and cr^edits ■ aiaong banks. 

• , Some thinking is also taking place about the iaternational aspects of 

bank clearing-'through SWIFT (Society for 'Worldwide Interbank Financial 
* Teiecomiaunications) . 

• The consuhier is becoming increasingly sophisticated in terms of his* de- 
mand for improvea services in baiL^ing,. Canpotitive pressures generated 
may eventually xesult in a significant reduction of the total number of 
banks from the present 14,000. - ' 

• ' The FRS will' probably provide the facility for a single, integrated na- 

tional payment^ system to \^hj.ch regional networks would be connected. 

• Fewer distinctions will exi*st among presgntly, different- financial 
institutions. 




• Even with the expected growth of electronic funds transfers, checks^, and 

' ■ 1 

currency will most likely be in use for a long time to come, \ 



New Products and Services (Neil McKay, 
J. A, McQuowHy and Meyer Melnikoff) 

I 

Neil McKay 

• The recent reduction in specialization of financial institutions is ex- 
pected to continue, as traditional l2?ank markets feel greater competition 
from other in^s titutional types. Increased customer sophistication also 
heightem^^ competitive pressures on banks, and the banking industry's 
ability to compete directly for customers' funds with other institutional 
types is impeded seriously by Regulation Q, prohibitions on the payment 
of interest on* demand deposits, and ilass-Stegall restrictions on access 
to Other investment vehicles. 

• A transition to one-statement, and ,bven one-account, banking may be a 

means of accommodating canpetitive/pressures • 

/ 

• One area in which paperless transfer systems are growing, however, in- 
volves large disbursements .from one financial institution to another. 
In addition to COPE, SCOPE, and bankwire systems, two new electr^ui 
payment-authorization systems are now beginning operation. The expan- 
sion of credit cards to larger/ purchases formerly financed by install- 
ment creait (such as automobiles and major appliances) also is envi- 
sioned in . the near future. / 

• Some banks have evidenced interest in cards that access checking accounts 
directly, perhaps carrying^ overdraft privileges. This possibility is 
slowed, however, by custon|er reluctai^ce to give up Control over the tim- 
ing of payiaents, obtained through traditional check and passbook vehi- 
cles for transferring funds. Should Justice Departiaent opposition to 
shared-input facilities be 4rithdrawn, paperless POS systems could de- 
velop quite rapidly in retailing. Such ^systems would, of course, en- 
Counter the usual range of pxoblems over the sharing of development and 
operating costs among ^participating banks. 



• Banks will find" it' increasingly less important to satisfy the location- 
convenience function*; computer technology will substitute automation con- 
veaience for geographic convenience. 

• As electronic f unds-tr'ansf er systems are developed, demand by nonbahk 
thrift institutions for direct access to the payments mechanism is in- 
evitable, thus further reducing differences between traditional, spe- 
cialized depository institutions:;.! ^ 

/ 

J , A. i'lcQuown 

• The banking industry has traditionally been poor in marketing its ser- 
vices but rich in the applications , of technology," v^hereas the opposite 
is true for tho^ securities industry. In both cases, the major automa- 
tion issues deal with the interfacing of computers to huiv\ans. 

• ^Most financial institutions are arbitrary partitions of economic behay- • 

lor or are primarily outgrowths of government regulation. The institu- 
tionalization of economic behavior ttnds to increase resistance to 
change — largely as a result of • regulatory go^ls and inflexibility, which 
tends to impound both the technology and accepted ways of doing business 
at the time that regulations are' instituted, '^s a result, ppsitive eco- 
nomic benefits to be obtained from change must be large to overcome re- 
I sistance to changes in traditional ways of doing ^jusiness. For example, 
note the obstacles in developing efficient system^ for clearing securi- 
ties transactions in the face of comparisons between the cost of perform- 
ing essentially sirailar functions in banking: costs of check clearing 
are estimated at ten cent? per transaction, v^ile estimates of the cost 
of transferring securities are estimated as being, two orders of magni- 
tude greater. 

• The capacity for change clearly requires at least one degree of freedom. 
But, T[)ore specialization to achieve greater efficiencies reduces the de- 
grees of freeaom and therefore the adaptability and the prospect for 
change. This effect is further reinforced by the impact of regulation 
that further reinforces the move to institutional specialization, thus 
further reducing the prospect for change. 

• The magnitude of prosui.icd econanies of scale used to justify a single, 
monolithic funds-transfer system in the securities industry was questioned. 
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The cost of communicating between alternative ^systems should be suf fi- 
» ciently low to permit the developinent of cai)|^eting, interlinked region- 
al or. other syste^as, v^ich would provide b^efits anticipated from na- 
tionwide systems without conferring monopolistic privileges on a single 
system or eliminating incentives to ad^-jpt to changed economic forces or 
technological opportunities* / - 

• Technology (e.g., minicomputers and data ccxnmunications) may bring about 
massive decentralization of the financial -services industry. .Some ques- 
tion was raised whether such decentralization might not be functional 
rather than geographic since hardware costs usually do not represent the 
major costs of a total system* 

• Very few intrinsic differences exist among the banking, securities, and 
insurance industries. Their current products or„^e-3?^rfces may be desig- 
nated as risk-'free assets, risky.,,ii&*trts', and timo assets, respectively. 
But these institutio^^ial partitions fly in the face of the fact that con- 
sumers demand all three, and they are mutually dependent, especially in 
marketing econaaics. Thus, the marketing of services represents the most 
serious problori area .facea by financial*- institutions . 

• An "iruportant advantage conferred by technology is that it provides a means 
of building bridges^ around regulations and other vested interests that 
tend to inhibit change. As a result, the computer is expected to be a 
powerful agent for change, by eliminating barriers between traditionally 
specialized institutional t^^s. 

Meyer Melnlkoff 

• l/echnology and the brf*akdown of regulatory barriers around traditional 
types of institutions do not necessarily lead to reduction in the even- 
tual degree of specialization by institutions in the provision of finan- 
cial services. Sane incentives toward financial integra,tion can be 
traced to regulatory constructs (such as regulated prices) , and func- 
tional specialization does provide considerable economies. Also, cen- 
tralization need not be geographic in character; and it may often be 
dictated by access to particular data bases rather than by geography. 
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• Economies of scale in life insurance .derive strongly froiu the industry's 
distribution system. With the excJiption of small numbers of highly spe- 

Ycialized men working in narrow but affluent markets, salesmen equipped 
with multiple products generally tend to be more productive (if the pro- 
ducts are complementary in nature) than the single-produc t salesmen. 

• The major impact of the computer in the insurance industry thus far has 
been in administrative operations and service to policyholders rather 
than in marketing, although that too kas been affected. In some areas, 

'*the computer has made possible the provision of a range of individualized 
responsive, and flexible products, a trend that is expected to accelerj 
ate with the advent of variable life insurance, and extensions of mass 
marketing. The computer has undoubtedly been a major force stimulating 
change in the industry as a whole. 

• Pressures fr-on Washington for pension reform will probably h^ive major 
impacts on the future form of the pension business. It is belieVed that 
the trend may be toward packages such as TIAA-CREF, which are-, standard- 
ized but incorporate many degrees of freedom that may be exercised by in- 
dividual employees, at their option. 

• The problem of retaining an audit trail in real-time, interactive compu- 
ter environments is exceedingly serious, and often economically infeas- 
ible with existing technology. Some dissent on this point was expressed 
by noting that, although satisfactory audit trails are expensive to pro- 
vide, they are not technologically infeasible at present. As evidence, 
note was made of the Air Force's Logistics Management System, the NYSE 
transaction system, and an automated accounting system developed for a 
major Swiss bank. There was agreeiaent, however, that such systems are 
exceedingly expensive to develop, operate, and maintain. 

• Further problems related to automation include: (1) the risks of de- 
signing sysjteins that^ appear dehumanizing to the consumer; and (2) the 
difficulties of providing customer identification at the input to real- 
time systems. 

• Large-system interdependence might render entire systems vulnerable to 
breakdown from the collapse of a single comxx:>nent . Breakdown of a ma- 
jor accounting or funds-transfer system could paralyze an entire 
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institution, perhaps over a considerable period of time, jwhich in turn 
could impact on other institutions and an entire market o^'industry with 



^a domino-like effect. 



E, PREINTEGRATION CRITIQUES (HERBERT 
EDELHERTZT PAUL E. GIESE, DOIALD P. "jACOBS, 
DAVID NOVICK, AND ALMARIN PHILLIPS) 

. The purposes of the preintegration critiques Were: (1) to extend, am- 
plify, and add to the range of issues which, surfaced on the first day of 
the workshop; and ,'(2) to begin the process of focusing on specific candi- 
date program areas- 



Herbert Edel hertz ' ,s ' » 



The concept pf industry self-regulatioa is basically pnsound. 'It is es- 
sentially a defense used against externally imposed regulation. It is 
unlikely that the self -regulatory process will produce data useful to 
regulatory agencies, 

Consideration should be given to the possible division of regulatory 

functions on a horizontal rather than a vertical hierarchical basis J' 

Even relatively small frauds can produce large magnifier effects on the 

industry affected. 
V 

Suspicion was registered about the notion of computers checking on other 
computers with the complete absence of human intervention or surveillance 
Opportunities for fraud are growing (e.g., medical and dental payment 
systeias and perpetual inventories) . Att^tion should be paid to payment 
mechanisms outside the financial sector as well as within it. 
In the absence of knowing what the nature of regulatory needs may be in 
the future, the fostering of as much competition as possible is the best 
hedge against possible abuses. ! 

Other areas that deserve attention are:- ! (1) the problems of working 
across extended time zones and the possibilities of a twenty-four-hour 
market; (2) the possible use of cauputer models for evaluating alterna- 
tive regulatory options; and (3) tiie relative merits of a single regu- 
lator (gather -than multiple regulatory jurisdictions) for an entire 
industry. 
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Paul £> Giesfe 

• The technological components for autaaating the financial sector are gen- 
erally available, or can be shortly. Progress still needs to be made in 
the following areas: (1) identification systems (thumb prints, voice 
prints, and so forth)/; (2) storage devices for massive random access; (3) 
specialized terminal costs; and (4) the reliability of automatic reading 
devices for printing and handwriting. Although har dware costs will con- 
tinue downward, software costs will probably remain relati\^ely high but 
are more difficult to forecast. 

• System feasibility, with its associated considerations (e.g., ensxiring 
privacy, back-up and reliability costs, conversion problems, and so 
forth), is not as readily assured, 'however, as the individual-component 
feasibility noted above. 

• Audit-trail problems can be handled with computerized systems. The real 
questions revolve around the true costs of providing such audit trails. 

• The issue of centralization vs. decentralization can be resolved almost 
independently of the role o^ computer technology. Technology can sup-^ 
port either equally well; the final choice can thus be made on othd**'"^ 
grounds. 

• The FRSwas able to play a facilitating role in banking automation be- 
cause of its direct involveiaent in operations and its established 
credibility. 

• Skepticism was expressed about the existence of real economies of scale 
in the financial-services 'industry . For example, the use of service 
bureaus for processing may not be more efficient in the aggregate since 
there may loss in control and loss in flexibility. Both the macro 
(industry-wide requireiaents for a system) and the micro aspects of the 
industry must be considered. At the macro level, one may have little 
choice. At the micro level, the economies of scale for local/regional 
cooperative ventures are unpredictible and their potential must be bal-- 
anced against the risk of loss of control and flexibility and increas- 
ing processing costs. 

• Benefits of economies of scale must be measured in terms of benefits to 



industry — production outputs, additional information /and cost savings — 
or in terms of benefits to consumers — convenience, intangible benefits, 
and cost savings, 

' Donald P> Jacobs 

• The impact of regulation on the financial -services industry is real. 
Regulation could affect industry structure if the manner in which compu- 
ter technology is to be applied were known. 

• With no firm understanding of the extent to which economies of scale are 
applicable in the industry, it is best to opt for the marketplace and 
competition as shapers of industry structure • 

• In the banking industry, the role of economies of scale diminishes con- 
siderably for banks with deposits in excess of $10 to $15 million. 

• Location of siaall banks will be diminished by aut<^iation, by bringing big 
banks into remote areas, \ 

• A massive restructuring of the banking industry, which regulatory policy 
was designed to stop, will take place. 

• A definition of good social policy was proposed: econanies of scale 
that are allowed to operate in an industry if ccxnpetition exists. 

• More regulators are better than fewer regulators since adaptation to 
change takes place more easily with the former "than with the latter. In 

.any event, the establishment of a regulatory czar should be avoided". 

• Self-regulation does not work; if regulation is needed at all, it must 
be imposed externally. 

• The "squeaky-wheel" antilogy usually applies in the formulation of regula- 
tory policy. 

David Novick 

• The bond market does not need the. application of computer technology; the 
"used-equity" market clearly do'es. The representation function, as op- 

• posed to the trading and completion-of -trade functions, accounts for the 
major expenditure "in the securities industry. L 

• ^ Computers can be an imxxDrtant element in the poJS^cing of the securities- 

trading process. \ 
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• It is a mistake to think the securities industry needs standard forma or 
procedures for efficient operation; instead,^ the need is only for accept-' 
able forms and procedures. 

• The most important problems in the f inancial-services industry do not in- 
volve keeping track of secur'ities or creating, a checkless society. 
Rather, in the securities industry, the most important problem involves 
the ability to handle "breakout" conditions and to improve ^the liquidity 
of the market. 

Almarin Phillips 

• The potential for the application of cc^nputer technology in the financial- 
services industry is great. 

• The principal inertial elements are regulators,, vested interests, organ- 
izational resistance, and consumer resistance. - , 

• EFT will come faster than any of us believe. 

• The FRS deserves considerable credit for facilitating change in the bank- 
^ ing industry; however, the regulatory part of FRS is not on top of the 

changes taking place. 

The literature on the diffusion of innovation may be important in focus- 
ing retrospective studies of the financial-services industry, 

F. GUIDELINE QUESTIONS FOR TilE WORKSHOP 

1. Many have argued that the development of large, computer-based fiscal 
- and monetary systems are creating significant i^nstitutional changes. 

• To what extent, and how, has the computer been an agent in the evolu- 
" tion of markets, services, and institutions in the securities, bank- 
ing, in^rance, and credit-handling sectors? ^ 

•* How is this likely to change? 

• lias computer technology acted to stimulate or to inhibit change? 

• What principal institutional constraints are operating to inhibit 
desirable change in sectors of interest? 

• How do these constraints operate? 

• how is the situation likely to develop in the next five to ten years? 

' ■ ■ 78 
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Answers to the foregoing questions may point to the research required 
to encourage the orderly development and diffusion of modern technology 
in the financial sector* Should such research be allied at: 

• the develojxnent and application of specific computer technologies? 

• the analysis of particular economic, financial, and regulatory 
processes? 

• the understanding of the problems at the interface of computer devel 
opnent and financial processes? , 

Significant institutional and social impacts may result from the change 
in processing time associated with advanced computerization, 

• Have (or will) such changes in processing times brought on by auto- 
mated systems significantly cLLtered the power structure associated 
with marketing and service institutions in the securities, banking, 
insurance, and credit-handling sectors? • 

• Have (or could) such changes resulted in any more general realign- 
'ment of power blocs outside the general area of -the fiscal and mone- 
tary sectors? 

A number of social and regulatory issues are raised by the emergence of 
large, automate^ financial systems. 

• Fran the viewpoint of the citizen user, how has computer-based tech-- 
nology changed, the complexity of his interactions with financial in- 
stitutiohs? 

• What are the short-term trends likely to be in this area? 

• Arc tliey subject to easy modification? 

As automated systems-grow in complexity, the task of accurately tracing 
or reconstructing many of the transactions for security, audit, or regu 
latory purposes has grown increasingly difficult. 

• What is a proper characterization of the current state of this prob- 
lem? 

• What IS the scenario if current trends are projected? 

• Are there potential hardware or software solutions to problems in 
this afea? 
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Vast quantities of data on individual and corporate financial transac- 
tions will exist in machine-readable form, 

• Are technical capabilities in control accessibility progressing 
rapidly? 

• Which institutional variables will promote or retard the implementa- 
tion of appropriate safeguards to privacy? 
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VI, WORKSHOP ON COMPUTER PERCEPTIONS, ATTITUDES, AND LITERACY 

A. WORKSHOP PARTICIPANTS 

The workshop participants were Roy Amara (chairman) , Ronald E, 
Anderi^on, Robert L. Ashenhurst, • Philip M. Burgess, Walter Carlson (in- 
vite^ cochairman) , Joel W. Goldstein, Harry T. Larson, Dwaine Marvick , 
Robert Nath^ans, Sally Yeates Sedelow, William D. Smith, Percy H, TannenbauiU/ 
Irene Taviss, and Thomas White. Appendix B includes biographical informa- 
tion on each of these participants. 



B. WORKSHOP SUMMARY o 

The principal issue of this^orkshop centered on ensuring the widest 
possible individual ckoice for those whose lives are touched or affected 
by information systeHTa. 

Five principal purposes for research and collection of data on compu- 
ter perceptions were defined first: (1) to provide inputs to pu|^lic-policy 
making; (2) to understand social-change -processes; (3) to structure suitable 
program's of education and training; (4) to provide inputs to system-design 
processes; and (5) to help assure the effective use of computer technology, 

A wide variety of data on computer perceptions, attitudes, and behav- 
ior should be collected. The primary objective of these efforts is to pro- 
vide inputs for the structuring of education and training programs and to 
lay the groundwork for understanding the relationships between computer 
technology and social change. General agreement existed among the partici- 
pants on the necessity to develop a set of periodically updated baseline 
data in a form that is more disaggregated than exists at present. Included 
in a suggested list are: (1) public perceptions of what an information sys- 
tem is; (2) the uses to which it can and cannot be put; (3) who designs it; 
(4) the purposes it serves; (5) how accessible it is for inspection; and 
(6) how modifiable it is. Also included would be (7) public perceptions 
and attitudes on the definition of privacy, confidentldlity , freedom of 
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information f think, and human; (8) percepti^bns and attitudes of computer; 
scientists and policy makers tpward the development of coraputer techno Iqgy; 
(9) assessment of differential gaps created by computer technology between 
"haves'* and "have nots" / as well as between those who possess and thos^jwho 
are without coinputer sophistication; and (10) behavioral changes resulting 
from information systems, as* evidenced by somatic effects and the impacts 
on self-definition and self-e^teeia, on work and leisure patterns / on 
problem-solving capability, and on citizenship. In short, a directed pro- 
gram of data collection would achieve, as -ikti ideal, the construction of a , 
cognitive map of the similarities and differences in perceptions and be- 
havior -among tl\e principal groups ' in contact with coaputers^ This is . 
clearly a long-term goal and must be teiaper^d by metiiodological and bud- 
getary constraints* 

Methodological questions center aroytfid the validity measurements of 
perceptions, attitudes, and behavior. CQnsiderable care must be exercised 
in imputing attitudes from perc'eptionV ^nd, more importantly, in assuming a 
causal relationship between attitudes and behavior. Where the relationship 
j'JI^etween attitudes and behavior is relatively clear, the measurement of at- 
titudes may be acceptable; in othe*: c^ses, behavior and t^ehavioral changes 
must be dealt with directly — soraetimes a more difficult task. The workshop 
participants disagreed on the proper allocation of efforts among surveys, 
case studies, and longitudinal studies^ Some concern was expressed that in- 
sufficient effort is being placed on case studies aimed at understanding 
the basic processes of perception and change, as opposed l:o surveys where 
measurement can be done more easily. Most agreed th^t longitudinal studies 
are Necessary to provide accurate data on both attitudinal and behavioral 
changes. Another area deemed wortny of exploration was the possible use of 
some judgmental (as opposed to quantitative) measures in tracking percep- 
tions and attitudes. Perhaps one of the more important notions advanced 
was that general measurements of public attitudes and perceptions of compu- 
ters should not be undertaken in isolation, hat rather as part of a more 
comprehensive program^to monitor public attitudes on technology and techno- 
logical change. 

Parallel to, and supported by, a program of research on computer per- 
ceptions, attitudes, and behavior is research on a number of issues related 
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to public policy. The most iiaportant issues are those related to the impact 
of information 'systems on institutional goals: (1) conflicts in institu- 
tional goals created by the application of the computer (e.g., efficiency 
vs. privacy) -f--(^) -individual options for coping with computer-related job 
displaceiTient; (3) the computer and the forces influencing social uniformity 
or diversity; and (4) computer-technology assessment as a part of a larger 
national effort to anticipate the secondary and higher-order effects of ' 
technology. Difficult as these issues may be from the ptandpoint of re- 
searchability , they rank highest in research significance. 

Equally as difficult — and reinforcing the major workshop theme — is re- 
search on the development of humane or responsive design criteria. The in- 
dividual must, first of all, be considered as integral with the i^i^92fmat|on 
^ystem from the very beginning. Greater emphasis must be plac^ on the de- 
tailed analysis of the requirenients to. be met to fit an ifirxormation syst€ 



into the environment in which it will operate. Ajje^er understanding' must 
be achieved of substitutes for "human nicetias^and social rituals" in an' * 



information-system context, as well as^efchose cihar'acteristics that are O 
antrinsic in a human being's makpuf>. Hmnariiziiig has a different meaning atj 
each level at wi;iich aa information system is t6 be inade responsive to the 
needs of an affected group. In all of this, slmple^ exhorta :ions about re- 
sponsive systems to system designers will not suffice; public-policy guid- 
ance must be developed, buttressed ideally by a discerning and literate 
public (or consumer) . * \ 

Computer literacy stands in sharp contrast to the preceding sets of is- 
s/Ues. Not only is computer literacy relativel^j easy to* define, but once 
widespread literacy is accepted a.s a desirable social goal, then the^struc- 
ture and content of comprehensive programs for achieving literacy from grade 
school to college leve\s and beyond can* be readily designed. One problem 
steias fran the ^bsence of any natural societal advocates for compiiter 
literacy — altiiough professional computer societies may play a^ role here^-^. 



:iVe 



Another difficulty may result from the long delays — probably five to ten 
years — and, consequently, *^tie long lead times that are^operative before the 
effects of any literacy prograra twill be felt. It should be noted that the 

V 

goal of acliLevinJ increasing comijuter literacy is not to for^estall possible 
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iironflicts in computer use but rather to raise tlie level of computer aware- 
ness -so that users n^a^ exploit computer: systems more fully and protect them- 
selves fr9m posLsible abusesj 

C. CANDIDATE PRijlfcVM AREAS 



Seven candidate program areas were culled from the written and oral in- 
puts of the workshop participants. In the 'assessment , each program. area was 
first played Vgainst each of the five purposes for research defined in the 
sunuuary of this workshop; relevant intersections were then ranked in terms 
of research priority. .At the samd time'^ each area was evaluated with re- 
spect to researchability. The results lire shoVn in Figure 7, with the can- 
didate program areas arranqed in increasing order of research difficulty. 
The entries in this figure were generated as follows . 

• An overall assessarierit was first made by the workshpp participants- 
of*' the program areas • that would c6nt'*ribute most significantly to 
the achievenient of tthe' research purpose's. Thus, on a column-by- 
column basis, particular cells, were checked (without, rankings) in 
tenrls of the reLev^nce of* the progt'am area in contributing to the 
indicated research- o^j ectives . 

^ ' ,j 

• A cross-.check was then made by the -workshop participants by, read- 
ing alohc^' each row to n\odify (by adding to) the -list of cells iden- 
tified in the earlier step. At u\e conclusion of this part of the 
a^£>s«fssinent , twenty^two of t].e possible thirty-five cells were sin- 

^ gle*d out for oioser eyaluatu.n, 

' • ^ Each .participant was askea to rank the checked ceils m tems of 

*reselrch oja^rtance/ selecting only the top ten of the twenty-two. 
At the same time, each area (or row) was to be ^ated with respect 
to r^eaearchabili ty (1 = most researchable ; 2 = moderately research- 
' abie;^ 3 = least or not researchable)^ ' * 

The numbers entered in the twenty -tw cells of the matrix in Figure 7 
are thet averaged wOJ^kshop rankings;' the numbers in the right-most column 
iare tlie averaged ratings of researcnability for. each candidate program area. 

. Requ.irer\ent'o for Computer Literacy 

The establishment of objectives and progr£ims for achieving an under- 
standing of oasic computer functions at a^ variety of societal and cduca- 
tional levels. 
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.. Inventory of Computer Perceptions and 'Attitudes . ^ ' / ^ 

The development of- a continuously Updated data bas,e oA computer per- 
ceptions and attitudes of individuals and groups as these are influenced 
by present and anticipated uses of. the computer. 

The Media and Computer Technology * 

An investigation of the role of the mass, organizational, and informal 
media in developing understanding of the iaipact of computer technology On 
society. 

Impact of Information Systems pn Institutional Operations 

The study pf the ways in which the application of information systems 
serves to modify work patterns, delivery of services, sharing of data bases, 
and so forth. 

I4npact' of Information Systeias on Institutional Goals 

The study of the ways in wf^ich^ the application of information systems 
serves to modify institutional • objectives and purposes. r 

Hmaane Design Criteria for- Infonaation Syst^ems 

The identif icj^tion and incorporation of information-system features 
that ensure responsiveness of such systems to the widest possible range of 
/ individual choices* 

' Impact Qf Information 'Systom-s on Behavior " j 

The tracking of changes in individual and group behavior resulting from 
interaction with information ^systems . 



D. SUMMARY AND DISCUSSION OF INVITLD RAPKRS * 

The following synoxises of the *f our papers presented at the workshop 



\ 



*Full texts of these papers are avaiiabie from the authors* Copies 
^re also stored in the project files at the Institute for the Future ^nd 
the National Science Foundation* 
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include not only ti\e points of view of the authors but also thosie expressed 
'by others, during the discussions » 

The Problem of Computer Litera<^y (Ro j ^^t L> Ashenhurst) 

• The determinants of contrastin^s^ttitudes toward computers must" be ex^ 
plored before an appropriate approach to the problem of computer l^it- 
eracy can bfe formulated • » 

Because attitudes are conditioned by perceptions, one must first char- 

\ 

act^erize perceptions 

• A clear distinction must be made between computer systems (the computer 
*^ahd its associated hardware) and information systems \the totality of the 

information -process lay and decision-making environment within which the 
computer is imbedded) . This distinction x's of critical importance in ad- 
dressing issues of computer percex^tions , attitudes, and literacy, 

• ^;The present state of knowledge of pioblic perceptions of computers is gen- 
, orally inaccurate and grossly oversimplified. Measurements of such per- 
ceptions do not adequately convey the dichotomy that exists in the minds 
of most people concerning the positive . and .negative aspects of computer 
(and information) systems. . / 

• Since most people do not work directly with computers, most perceptions 

and attitudes about "computers ai'e/Dasod on experience ^ith information 

/ 

systems in .which the comj^uter is /only an element* 
- - ^ ; * \ 

• Ccffnputcrs are viewe^ variously as inanimate objects, p^ts, or persons — 

dex^ending on circj^mstaoces . Perceptions of cofiiputers in this sense have 



'not been studied carefully, if a^ all. 

• An interesting cofitext in which to study the formation of attitudes con-» 
cernmg computers is the Apollo Space Program, where many TV viewers 
received siiailar inputs about caiiputer applications.. 

• In ,the long run, a major need exists to develop more elabojrate models of 
what perceptions of computer systems are, how they are f9rmed, and the 
manner" of tracking them. 

• Most information systems ^re designed without sufficient attention to 
the information-analysis phase (as contrasted to the more technically 



oriented system-design phase) • What requirements must be met to fit an 
information system into the environment in which it will operate? 

• Lack of knowledge about information systems prevents the public from un- 
derstanding how to assign responsibilities for system malfunction • 

• There is a\growing danger that some computer supersystems (mainly mili- 
tary applications) will surpa^ss the user'^ ability to understand them. 

• The individual must be considered integral to, the information system from 
the outset; most information-retrieval systems have not proved successful 
because the user was largely excluded in the development of the system 

".Goncept, Two aspects of this problem that are of overriding importance 
-are: the integration of the individual and his needs into the system de- 
sign in an anticipatory fashion (i,e, , in terms of the likely future con- 
ditionk and requirements to be met) ; and the integration of the individual 
and his needs into the design of very large information systems, whe^e the 
effects that can be produced by complex systems are very poorly understood. 

• Information systeias will continue to be designed and applied in inhuman 
ways unless public pressure increases; and this requires increased j^ub- 
lir^ccH^iputer literacy. 

• Computer literacy may be defined as the abiliry of a speciali,st in *4 cer- 
tairv activity to discern which aspects of that activity can be computer- 
ized ^readily and which cannot. I 

• Computer perceptions and attitudes often de^^ict man's private hopes and 
fears rather than any external reality. 

First Progress Report onr^^tn—tevgntor y 
of Researc h M easuring Perception, of 
Computer i/^ation (Ronald Anderson) 

• Generally, the data oh perceptions of computer technology are very uneven, 
research methods aixi poor, and most results are neither very interesting 
nor illuminating. 

• The following studies and activities are noteworthy* as better than aver- 
ago efforts ^ Robert D. Hess and Maria Tenezakis, The CoinputGr as a So- 
cidlizmg Agent: Soma Socxo-aff active Outcomes of CAI , Technology Re- 

/pc;rt Mo. 13, Center for Research and Development in T/2aching , Schooi'^of 
, Education, Stanford University (uctober 1970) ; Todd LaPorte and Daniel 



Metlay, The Watcn and Wonder, The Public' s^ttitudes toward Technology r 
A Survey, Working Paper No. 6, Institute of Governmental Studies, Uni- 
versity of California ^t Berkeley (1973); and the ongoing monitoring by 
the Educational Testing Services of the Mitre Ticcit and the University 
of Illinois Plato Systems. 

• Studies of selected cartoons on computers in magazines of the past 
twenty-five to thirty years can provide useful clues on changing percep- 
tions of computer technology. 

• Some evidence exists that children grasp the real significance of car- 
toons at a fairly early age. Moreover, much of what is written about 
computer technology in the popular press does not necessarily reflect 
what an author thinks about computers, but rather'^what he feels will at- 
tract the attention of his reader's. However, one should not overrate 
the influence of such representations until, studies of their real, im- 
pact have been made. i 

i 

The Impact of Caaputerization in Los^Angelos: 
1973; Some Samp l e Survey Differentials in 
Perceptions and Attitudes (Dwaine Marvick) 

• A shared-time omnibus survey wa.s described which incluaed questions on: 

(1) the incidence and kinds of personal problems linked to computers; 

(2) computer experience on the joiD or in job training; (3) computer auto- 
mation; (4) the use of computers in government decision making; and (5) 
receptivity to computerization in medical and educational contexts. 

• Although the data collected from the survey has not yet been completely 
processea, it is already clear that participation in an ongoing omnibus 
survey can yield significant returns. As an example, the survey per- 
mitted the author to work closely with other survey investigatc^rs in 
relating responses to some of the computer-related questions to^ psycho- 
logical constructs dealing with loci of control and alienation measures. 

• Rosoarch assessments snould examine the impact of increased familiarity 
with computers on the effectiveness with which individuals solve prob- 
lems . 

• Any snrious elfort to acquire information on coiaputer perceptions, atti- 
tudes, and behavior must include longitudinal studies that will shed 
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light on how individuals adjust to their work environments over time* 

• Case studies (and surveys) on perceptions and attitudes should be per- 
formed in order to derive a better understanding of the basic processes 
involved and to permit more focused measurement efforts. 

V 

Some Thoughts on the Questions for , 
the Workshop (Irene Taviss) 

• Much, of the work on ccxuputer perceptions^ and attitudes has the flavor of 
"data for data's sake". It appears that little forethought has been 
given to the extent to which computers may be producing changes in the 
ends, purposes, and objectives of organizations. 

• Insufficient attention is being given to the meaning of humanizing by 
those who design and build information systems that are purportedly 
matched to individual needs at various levels (e.g., managers, employ- 
ees, consumers, and so forth) , 

• Widespread computer literacy will not necessarily solve most problems 
related to computer perceptions. ^ 

• There are inherent conflicts between producers and consumers of computer 
technology. Although such conflicts are not necessarily bad, those that 
are based on misconceptions should be identified (e*g., as from the 
AFIPS-T line survey) and corrected. 

• The goals of computer scientists and the kinds of systems they are plan- 
ning, as well as the more global impacts of computers on the structure 

of society, must be identified. 
I 

E. PATICL REPQF^rS 

Four panels were formed midway through the first day of the workshop 
to address specific sets of issues that arose during the presentation and 
discission of invited papers. These panels dealt with: (1) measurement of 
perceptions, attitudes, and social change; (2) the meaning and implementa- 
tion of computer literacy; (3) humane design criteria for information sys- 
tems; and (4) public-policy issues raised by computerization. 
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Me asureinent (Thomas White* ^ Murray' Ay Aborn** ^ 
Ronald Anderson^ and Joel W. Goldfetein) 

• TiOasurements of caaputer perceptions and attitudes must serve as inputs 
for making public-policy choices, for understanding social change, for 
education and training, and the like. The basic problems here are not 
simply those of measurement, but also those of anticipating and fore- 
casting the impact of future computer technology, 

• Any program of measurement should explore the possible uses of social in- 
dicators and media-content analysis. Also, measures of computer percep- 
tions and attitudes should include some' totally judgmental aspects, as 
well as some involving quantifiable indicators, 

• It is unlikely that we will be able to justify the development of so- 
cial indicators to be used solely for tracking compu'fefer technology. More 
realistically, we shy)uld look for indirect measures that could yield data 
on attitudes toward^information systems (e,g,, shifting employiaent pat- 
terns,^ disputes over privacy, and frequency of billing errors) , 

• One of the most important problems in measurement is validity. The ex- 
tent to which perceptions are good indicators of attitudes is not at all 
clear; nor is the cause/effect relationship between attitudes and behav^ 
ior. In instances where the relationship between attitudes and behavior\ 
is clear, attitudes can be the focus of measurement; otherwise, we must 
attempt to measure behavior and behavioral changes directly, 

• - As the computer progressively becomes submerged in the information sys- 

tem in which it is a component, it may indeed gradually lose its iden- 
tity as a focus for perceptions and attitudes, 

• A thorough ddta-collection effort should include: 

- an assessment of public perception of what an information system is, 
the .uses to which it can, be put, the uses to which it cannot be put, 
v^^o designs it, the purposes it serves, how accessible it is for in- 
sfjection, how modifiable it is, and'- so forth; 

an assessment of the influence of computer technology on public at- 
titudes toward privacy, confidentiality, isolation, job satisfaction, 
and so forth; 



*Lead panelist, 
**National' Science Foundation observer. 
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an assessment of the perceptions, attitudes^ And behavior of both 
computer scientists and policy makers regarding the development and 
uses of computer technology; 



an assessment of the extent to which, and how, information systems 



serve to increase the differential gap between "haves" and "have 
nots", both in terms of access to , computers and degree of computer 
sophistication; and 

- assessments of the gap between those at the leading edge of computer 
technology and others in society. 

• It would be desirable to iiabed a measurement of perceptions of computer 
technology in a broader assessment of technology in general. In other 
words, general measurements of public attitudes and perceptions of com-^' 
puters (as contrasted with the more narrowly defined measurements under- 
taken to provide input to specific system-design activities) should not 
be made in isolation. 

Literacy, (William D. Smith* ^ Dwaine MorVick, 
M. Granger ^Morgan**, and Sally Yeates Sedelow) 

• The achievement of computer literacy is, in itself, intrinsically good 
since computer technology is here to stay/ Compvtf^r litere.c^j is de* 

piL fined as the understanding of basic computer functions ^in terms of what 
computers can and cannot do, with particular attention to their poten- 
tial, as well as their limits, in meeting human needs. 

. • Achievement of widespread computer literacy may be considered a form of 
consa^aer education designed to produce the essential feedback for pro- 
viding quality control on the design and application of information 



• The results of a program to achieve widespread computer literacy would 
likely not be felt for five to ten years. Eventually, it may be desir-^ 



able to develop a form of computer-literacy test- 
• Data are required on thfi nature of computer courses presently offered at 
the grade-school, high-school, and college levels. Some observations 
made about requirements at each of these levels include the following: 



systems . 



*Lead panelist. 



nai Science Foundation obsprver. 





- Grade School. Useful material can be made available directly from 
the new math or can be adapted from it. hny good introduction to 
computers should include some "hands-on" -time with computers so that 
direct experiences can be obtained about the nature of program (log- 
ic) errors. More importantly, it allows the beginner to experience 
success or failure wit^ computers in an immediate, direct, and closed- 
fona manner. At the s^ame time, it would not be too early to intro- 
duce thfi novice to some notion of how information systems are design- 
ed and the nature of their social impact. 

- High School. At this level, current instructional material is either 
not very good or is nonexistent. Courses need to be designed for all 
students--not just the college-bound group. They should convey infor- 
mation on the present and potential social impact of the computer, as 
well as its technical and operational features. There is a need for 

a curriculum package (serving both this level and the introductory 
college level) that would provide "hands-on" workbook activities or 
games containing instruction on systems design, economic and service 
trade-offs, and so forth, drawn from nontechnical real-world settings. 
Special note was made of the implications to teacher training for car- 
rying out such programs. ^ 

- College. A basic instructional unit at the freshman level should p^- 
vide as direct and active experience as possible with the computer/ 
Such a course should not fall into the "ccxnputer-appreciation" cai/e- 
gory, but should be organized so as to draw students together from a 
variety of disciplines. A desirable level of achievement is th^t a 
student from any major field of study be made Xully cognizant pf the 
state of the art of caaputer-processing capabilities in his tield. 

Although no specific requirements for adult and continuing education were 
proposed, it was noted that job discrimination in some sectors may be 
based increasingly on computer illiteracy. High-school-leVel courses may 
be adapted to meet on-the-job training needs. Also not ^ was the almost 
complete lack of a suitable TV series on the nature and uses of computers, 
much like the ABC news series, "On the Side of Man" ,^shown in the early 
months of 1973. 



Humane Desig^n Criteria (Hcurry T. Larson*, 
Robert L. Ashenhurst, and Fred W. Weingarten**) 

• Many, if not most, people who have contact with an information (or com- 
puter) system feel that such systems are inhumane. (Although a precise 
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definition of inliumane was not given, lack of responsiveness in meeting 
individual needs and incapability of responding to the exercise of indi- 
vidual choice may be used synonyiaously with the term.) 

• Before progress can be made in developing humane design criteria, the 
roles of . the principal groups- interfacing with computer systems must be 
identified and humaneness must be translated into operational terms 
vis-5-vis each role group. 

• The following is an illustration of a possible taxonomy of groups: 

- users (e.g., middle-level managers, time-stiaring-system customers, 
and mission-control operators) ? 

- developers (e.g., system architects, analysts, and programmers); 

- maintenance personnel (e.g., staff responsible for system modifica- 
tions) ; j 

- computer operators (e.g., staff operating at consoles or handling 
tapes, disks, cards, and so forth) ; and , j 

j 

- consumers (e.g., individuals inteiTacting directly with thfe outpjut of 
an information systan) • j: ^ 

• To illustrate how the notion of humaneness might be translated into op- 
erational terms for one role-group category, the following preliminary 

. requirements were generated for the consumer group: 

- access to scrupulously accurate information; ^ 

- ability to exercise individual choice on the matter of membership in 
a consuiner group; 

- access to information about oneself and availability of a reasonable 
means for changing it; 

- ease of implementing changes, with corroborating feedback of the 
changes made; # 

- ability to disapprove, with some limitations, of certain uses of per- 
sonal information; 

- access to a syst^i interface which has features of individuality > in- 
cluding the use of names instead of symtols, words instead of codes, 
and explanations gf alternatives instead of listing ol options; 
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access to system safeguards against incomplete information {e*gf» , ar- 
rest and disposition), as well-as against use of obsolete data (e.g., 
file-purge rules) ; and 

access to prompt, clear, and accurate explanations when failures do 
Qccur. 

• Several research tasks were identified: 

an in-depth exploration of thewroles of those affected by computer- 
ized information systems (expa^ing greatly on tl^e taxonomy noted 
earl ier) ; ' ^ • 

a detailed study of the concerns and complaints expressed by consumer- 
group members, the relation of these to characteristics of real compu- 
terized systems, and the structuring of remedial action programs to 
be undertaken to achieve operational' humaneness ; and 

- an investigation designed' to translate- humaneness into operational 
terms for other role groups (in more depth than was shown for the 
consumer group) and the definition of an action program airoed at 
meeting the requireiaents for huinanization of information systems for 
each group. 

Public-Policy Issues -^(Pelrcy H. Tannenbaum*, " 
Robert Nathans, and Irene Taviss) 

• Computer vs. Human Interface. The displacement^ by a computer system of 

a function previously performed by a human may produce desirable benefits 
but , e interface is almost always incomplete in some human sense — 
personal rituals and niceties are lost. Although an impression of a 
two-way communication channel between the cohsumer^ and the system may be 
created, in fact, the interface 'responds more like a one-way channel, in 
a seeiaingly impersonal manner. ' 

• r/je Cowputor and Social-Goal Conflicts The efficiency acK^ieved by the 
application of computer technology often raises conflicts between the 
basic social objectives of preserving privacy of personal informatien 
and exercising freedom of choice in personal matters'. The exercise of 
individual choice by those affected by an information system is perhaps 
the ovorriding principle arouna which such conflicts must eventually^ be 
resolved . 
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• The Computer JoJb Displacement. Insufficient attention is being di- 
rected to job displaceiaent and work-pattern shifts created by computers. 
Although society as a whole may benefit from such changes, each indivi- 
dual is affected differentially and is often without options for early 
retirement, job retraining, use of leisure tirae, and the like* 

• The Computer and Social Uniformity. The extent to which the application 

of the computer is contributing to the creation of a more uniform social 

1 

environment is not understoojd. Even though the computer creates the po- 
tential for less uniformity, I society appears to be failing to exercise 
its options for diversity. \^o some extent, the issue of centralization 
may be closely tied to uniformity. 

• Canputer Technology Assessment. As part of a growing national effort to 
understand and harness techno^^ogy more effectively, inforraation technol- 
ogy will come under closer soclial scrutiny. Among the pqssible develop- 
ments are: (1) requirements for inf ormation-syst,em licensing ^arrange- 
ments; (2) the preparation of aj:if ormatityn-system impact statements; (3) 
publicly supported analysis designed to identify and assess higher-order 
effects and provide early warning of proposed in format ion- system appli- 
cations; and (4) growing professkonalization of the field of information 
systGiH design and application. \ ^ 



F. GUIDKLINl:: , QUESTIONS FOR THE^ WORKSHOP 

^ / , 

1. What have we learned fran previous measureiiients of public attitudes 

toward and perceptions of ccmputeirs cind computer-based systems? In 



wtidt way, if at all, has this knowledge been important or useful? | 
2. Should further measureinents of putllic attitudes and perceptions be 

made? If so, what data are needed to complete a set of baseline data 
for future comparative studies? Wmat ty^^^ of future measurements are 
imfKjrtant, and why? Will national Idata suffice for most purposes, or 
are regional and/or local data essdjntial? Is it reasonable to think 
in terms of supporting only a singlb umbrella survey in which a nuinber 
'"of investigators participate^ togcth: 
datd-gatliering efforts essential? 



sr, or are separate, individual 



/ 
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3. It has been argued that the de^sign of systems which are not to be per- 
ceived by users as dehuiaanizi^ig should be undertaken by the creative 
efforts of sensitive, innovative, and perceptive designers, rather than' 
through major social-science ^neasutement efforts. Is this a valid 
^^umption? . / 

4. C& computer literacy be dei^ined with reference to' public literacy re- 
gardlhg the computer? 

5. What tyjpe^ of activities are essential to a 'high level of public liter- 
acy? How should they be undelrtaken, and by whom? 

6* If a high level of public literacy is achieved, how will the attitudes 
within, and structure of, th^ coinputer-^cience technical community 
change? . . 

7. *How is tl:\e application of the compiiter inflXiencing the paradigms that 
society develops andi uses? Wh^t indicators can- fcje used to monitor 
changes? , ' 

8. WHat inhibiting effects, xf any, do computer perceptions have on indi- 
, vidual behavior? Whatman be done to minimise such effects? What in- 

' dicators might be used^ here? i * * ^ 

9* Is there any evidenc/e to support the belief ""that computer literacy .pro- 



duces a raore realistic * outlook toward the role of the computer in 
^ society? f . . - 

10. Hov; do we minimize the possible confusion between the roles of compu- 
ter educator and computer popularizer or lobbyist? 

11, '/What programs of research in this general area make sen^e for the Na- ^ 

tional Science Foundation (and others), in the next five to ten years? * 
How effective are such programs likely to be in influencing perceptions 
and literacy? ' How can these be related to other possible efforts (e.g., 
the" Office of Technology Assessment) aimed at achieving/a bettej^ under- 
standing of the potential Lapacts of specific technologies on 'society? 



VII, WORKSHOP *W COMPUTERS AND INDIVIDUAL ACCESS 



A, WORKSHOP P^ftRTICIPANTS 

' The .wofkshop f3apticipants were Roy Amara (chairman) / Michael A.^'Baker, 
• / 1 t 

Robert* J^. 'Bigelow, Ithiel'de Sola -Pool, MicMel A. Duggan, Hope Eastman, . 

Robert Kling," David B. "Martin, Daniel D. 'McCracken, Lee L. Selwn, Thomas 

, B. Sheridan, Rredericfk B. Thompson, Joseph Weizenbaum, and Marshall 

Whithed. Appendix B iriclUcies biographical information on each qf these 

' • . 1 * * ^ ^^^^ " ^ 

parti cij5ants. -.^ ^ ' ' ' " *• ' 



B. WORKSHOP SUMMARY * " * - 'I ^ 

The-'^ominant sense of this workshop was -that even the most rudimentary 
data-^ on. b^avioral changes ascribable to compilit^r 3[dcess are essentially 
^ nonexistent. ' ^ ' » 

C^puteT access may be defined in several ways. In the very^b readiest 
sense, it is essentially synonymous ^^rationalization' of - societal proc- 
esses, and the research probleins become as intractab^le as those for 
' technology-rinitiated assessments.* In the simplest terras, the workshop par- 
^ticipants^ saw ccxuputer access as the ability to ,use the services 'of an in- 



formatio^n" system either directly or indirectly,, much in the same sense as 
©ne uses (or accesses) a telephone system, a transportation system, or a pub 
lie library. However, this definit^ion had to 'be brought into focus before 
the real problems of access could be broached, v Distinctions h^ui to be made 
between access to information about oneself, access to nonpersonal informa-« 
tion, and access to coruputer and communication facilities. Other useful 
dimensions included: (1) the accessing entity (e\g., individual, social 
group, institution, * or government); (2) the nature of the obstacles to ac- 
cess (e.g., lack of skills or unavailabili^ of software); and (3) the 



♦National Academy of Engineering, Committee on Public Engineering Pol- 
icy, A Study of Technology Assessment, Report to the U.S. Congress, House, 
Committee on Science and Astronautics (July 1969) . 



ijiunediacy of ' acc^^ ie.g%, raw computing to ^an indirect service). In-fact, 
the clarification of the meaning pf acx:ess wafs one' of the si.gnificant prob- 
lems that the' workshop parVicipa'hts ^unavoidably had to face. No attempt 
was made to combine the differing basfes 6f ^access into a single framework 
or taxonomy; rather/ in moSt inst^ces; either the ^ens^ in \^h<kch the^ term 
was being , used was sufficiently cl^r fr^m eont^Nct, or the siraple defini- 
tion noted earlier was 

The central' problem^ of computer access are clearly Jiot technology^ 
related,^ rather V they lie at the re^tivelV neglec'led inteisfcace of the h^an' 
and the information system. 'Critical issues include; (1) the development 
of adequate standards to handle the pa^oliffsriratiori- of'" ha2;dYare development; 
(2) , the trade-offs between* the expertise required to 3j|in access and the 
technological/economic •burden that^can^be pi at ed- on th^, system, itself; (3) 
,the role* of natural languages in facilitating humap-to-machine communica- 
tion; and (4) 'the proper bal'^nce to be struck between centralisation and 
decentralization in the design of ; in format ion systems^. ^ 

The degree of centralization is '.directly effected by a host of largely 
unresearched areas, inc^udin^ -the stiructure, economic* /and regulations^ 
the,nfass infonnation-services market. No clear-cut indications enist on 
whether the information-services industry will develop along the CATV model ^ 
or the video "cassette/di^sk modfel, or what the^ relative roles '6f the cable 
and telephone system^ may be. What is clear is that "public or individual 
access to information service^ will be determined largely by the manner in 
which costs for such services are allocated. The key' issues thus deal with: 
(1) the extent to which natural-raonopoly considerations apply ' (probably not 
at all); (2) the feasj-bility of 'achieving universal access through compe- 
tition (one possibility would be subsidies taken from conwunity tax bases) ; 
and (3) the nature of the demand and supply -funct;ions for information ser- - 
vices. Our state of knowledge on the demand* side is much too rud^imentary 
at present; and on the supply side, we need to explore the bundling of in- 
formation services and alternatives for reshaping classical industry lines 
(e'.g., publishers, newspapers, broadcasters, and so forth) • The extent to " 
which experience fron other countries" can provide clues on opportunities 
for horizontal integration is also an iiaportant question* 

i 
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Politically/ it is naive to tnink that computer access for particular 
soSial groups can result in any significant redistribution of power • At 
most/ such access cotild serve to eliminate an excuse for not redistributing 
or sharing political power. Perhaps the key point here is that public ac- 
cess to information systems should include the c±)il'ity to monitor and con- 
trol the development of such systems. Thus) a fairly ambitious program^ of 
retrospecb-ive studies and' monitoring efforts should be pursued. This is 
not to ^ay that ''ef f o%-s aimed at providing incre£\^# ^citizen access should 
not be supported and encouraged/ for there is some evidence tl^at citizen 
efficacy may thereby/be enhanced. However, the workshbp partic:^ants 
'viewed such efforts as pe^^ipheral/ if not wasteful/ particularly if. t^ey 
lead to a climate of "instant referenda", 

* ^ From a legal standpoint/ computer access is intimately relalLed to pri- 
wdK^y, confidentiality/ and security. Perhaps the cgjre^^ssue here i^ the ^ 
possible inllibiAj3^g* Effects on individual behaviox i^esulting fran increas^ 
societaT access ta personal information, Unfortunatfeijy / virtually no da| 
e;{±st to permit more, than speculation about me exteilt and sev^pity of the 
possible effedts.. ^ ^ . • ^ * 

^ 'The laost perVaSiiVe issues and impacts related jto computer access are* 

* believed to stem- from perceptual change/ paradigm., sJiJLfts, and contextiial 
effects^ Not-^surpifisipgly^/ these are, also the most di-fficult .research . 
Of primary cjohqern*%«'ije^ are th^i^ays i\i^ which access tev/ And <55ntact with/ 
cfoinputer systems serve to affect oi^; shape one/s image of the world/ A* *; 

* ^earch foi» answers ^ight include a Whole array of 'matchedrgroup experiments 
' in whioi:^ the ob3e'c;t;ive would be to detect differences in perceptions,^ ^ . *^ 
*. decision -making procedures used / 'p§rfpmancG meciaures seleoted/ and so 
'forth. We should^ also* explore, ttie ways* in whiah th^ application of the 
.computer acts as a force both for f rac4;ionating society (by p:roducing con^- 
f textual changes) and for staBilizing society Cby ^facilitating*communication) * 
I The workshop participants were unaljle' to agrde on whether computer ac- 

, cess will contribute to increased ^societal diversity or not*and| more im- 

« - • • i 

portahtly, the extent to which thib may be desirable. In particular/ great 
concern was expressed 'about,^ the p6tential use of c6mputers to proliferate 
trivial product differences under thq guise of individuality. Perhaps the' 
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only long-term hope for coping with some of these fifhdamental is'sues is the 
initiation of specific programs for achieving widespread computer literacy- 
at ihe grade-school, junior -high, and high-school levels. Whether, in fact 
such' programs can raise literacy levels in tfime^o forestall the undesir- 
able societal Consequences ascribdble to increasing computer access is an 
opei^ questipn. 



C. CAInIDIDATE program "AREAS ^ *' ^ 

Ten candidate program areas were culled from the written and oral in- 
puts of the workshop participants, , These were intended to reflect major 
issues related ta the .social impact of computer .access . The* part icij^ants 
did not favor the use of rank-order correlations or other quantitative mea- 
sures of preference ordering* 

Retrospective, Canparative, aad Case Studies of Acdess 

— lf — 75 

^ Research should be de\npled to a systematic review of computer-system 
applications A assess their impacts (e»g., skill .levels required and style 
of information used) on system designers , managers / and usens , as well as 

on th(|i public at large. Included in the range of inyestigationsVare : (1) . 

' ♦ ' *' . * 

transitions from manual to computerized systems; (2) the impacts (St in- 
creased access on, keepers of inf ^nation systems; (3) the relationship of 
access' to social control; and (4) comparative analyses of access using in- 
.tdtnat^nal systems (e.g., Swedish income tax) as referrants. 

Monitoring of Infonnation System^s under Development » 

The ^nphasis hcre^hould be on the collection of data on major infor- 

^ ^ f . * 

mation systems in various stages of development and' implementation to pitf*- 

vide an .early-warning or teohnology-assessmer ^ fu;»ction on present and an- 
ticipated consequeit^s. Included in this monitoring should be data on how 
far"^ each, system has progressed, what each ^rports to do,* and possible un- 
anticipate consequences — in sh£)rt, the creation of a guidebook to large 
information systau::v 



Inhibrtory llffects of Access 

Measuring mechanisnis need to be developed, and. experin^nts must be de- 
signed for collecting data on the possible behavioral effects of increas-, 
ing availability of personal inforiAation. The range of explorations might 
include detection of behavioral changes arising from:, (1) th'e operation- of 
the Bank Secrecy Act (e.g., incidence of transactions under ^$3,000) ; (2) 
records on political activity of particular social groups; and (3) the na-'' 
ture of medical records keeping (e.g., extent of quantitative vs. subjective 
data used) . 

•> 

r 

Acces^ and Literacy Requirements * \ 

Increasing computer access imposes new pducation^ requirements on so- 
ciety*. Research should be aimed at raethods for achieving these needs. In- 
cluded ^hould, be: ^) the content and manner lOf teaching computer skills 
to grade-school children; (2) the feasibility of using .cbmputer-hetwork ing 
arrangements at jifnior-high and high-school l^fels; ^^)--itle^odS for convey- 
ing "accurate descriptions of computer capabilities and limitatioiis;^and 
(4) the promoti(i^of concern and understanding among designers of the needs 
of the information user'r ' * * ^ 

Access and Large Data Bases 

The accessibility or inaccessibility 'of large data bases should be « 
studied frcmi t^he standpoints of: (1) setup cests; (2) maintainability; 
(3) retrieval^ characteristics, including the effect of oer forming a variety ' 
of statistical manipulations easily; (4) idiosyncratic features; and (5) 



degree of d#ta-base coupling and networking. 
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Access and Interface Requirements • • * 

? ^ * 

^ ResearcTi should be aimed at an assessment'^of the 'principal . technologi- 
cal and economic barriexrs to increased access, including: (1) technological 
developments and standardization^ (2) costs aii|l pricing poLicies; (3) skill 
'requirements; (4) use of intemediaries; and (5) expertise required^vs. 
cost* trade-offs* 
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Requlatory and Compet itive Diraensions of Access 

' ^ * ^ . f . . 

Structural factors' within the information-services industry (including/ 

natural monopoly, centralization vs, decentralization, and vertical inte- 

j^r^tion) need to be analyzed in terms of their influence on intrain^stry 

competition and acqess. Included should be: ^(l) retrospective analyses of 

regulatory developments in the coirmunication 'and compute.r industries; (2) 

the relevance o'f natural -monopoly considerations; (3) legal barriers to ac- . 

cess: and (4) a definition of public record. 

* ,- ■/ 

m 

Access and the Organization of the 
Information-Services Industry 

The onphasis here is on the study of interindustry structural factors, 

including bases of. organization, ownership patterns, and horizontal integra- 

tioi>. Included should be-: (1) .forecasts of the demand for ^ugiifented or 

new services; '(2) an evaluation of alternative methods for restructurq.ng 

classical industry lines; (3) ^^n^^ejp^^ir^ of the economics of service- 

bunpling* systems; and (4) comparative analyses of international systems. 

Cont-aHbet-^getween the Right Know an d * 
Personal Privacy in Information-System Design t 

Research should* be aimed at the development of basic principles- with 
which to balance^ the conflicting requirements of access privacy In^ 
clu^d here, should be: ^(1) th^ dsvelojanent of operational definitions and 
taxonomies of access and privacy; (2) the structuring of generic case ^ 
studies o^f conflict; (3) the identif ica.tion of anomalies ajjid inconsisten- 
cies; an& (4) comparative analyses of inter.national systems, 

^ 'Social Shaping of Reality via Informatibn, Systems 

The emphasis here is on the design of experiments for understanding 
the majnner in vtiich contact and experience with information systeilfc affects 
one^s ^ge of the world. Incluaed might be„: (1) experiments designed to 
detect and evaluate behavioral differences* -resulting from various 
information-access environments; (2) matched-grdup experiments (e.g., dif- 
ferences in perceptions between conputer-science majors and humanities ma- 
jors, differences in dec is ion -making procedures between managers who rely 
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on "laanagement information systeias" and those wbd do not, and so forth) ; 
and (3) a study of tlie impact of access on the selection of measures of sys- 
tem performance, particularly whetner sophisticated and quantitative measures* 
drawn from operationally oriented data bases become the intellectual cur- 
rency for decision making and policy debate. 

■■ , ' • , ♦ 

p. SUMMA-RY AND DISCUSSION OF INVITED PAPERS * ' ' • 

The following synopses of tne four papers presented at the vyrorkshop^, 

include not* only the points of view of tJj?Sa authors but also those expr'essed 
* I 

'fay others during the disaussions. 

Computers and Contextual Change ' ( Frederick B« .Thompson) , 

• The computer can ,act in two oppo^sing ways on society: first, as d frac- 
tionating, agenpfe, ^nce it* IS a powerful force for stimulating cd!icep- ^ 
tual change, ana second, 'a^ <^ stabilizing agent, since it is also a force- 

for facilitating ana encouraging coioraunication *It'is the "^interplay of 

% / . » ' * * * , . 

these two forces th^t should provide the focus for any research qp the 
«' * • 

social impact of the computer. 

- Which contextual (or conceptual) pleavages should be briuged and which 
should be retaineo? We n^d to understand on a case^^-by-case basis how 
the application of the computer may trade individual and societal di- 

j^ersity^'for institutional efficiencies. * x . 

- How and where can computers be applied to modulate th^ rate of contex- 
tual change? We need to understand how the very processes of data 

^ .collection and processing affect the groups under study. 



exDie^ienc&swith computers theniselves be utilized to increase 
:e ja€ co/itextual change? The bottleneck is neither technology 



How- can exp^e^ienc&s^i 
tolerance 

(which^ is clearly farthest advanced) nor software; it is rather the 
>area pf the interface (e.g. , natural langua^ges and special application 
^devicj^s) between user and information system that can have the most 

profound effects on access to, and acceptance of, the gomputer as an^ 

instrument for contextual change. 



*Full texts of the^6 pape,rs are available from the authors. Copies are 
al^o stored in the project files at the Institute for the Future and the 
National Science Foundation. 
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.Information is becoming increasingly idiosyncratic as we computerize data 
bases along narrow, discipline-oriented fields. In a very real'sense, 
'the narrower we make tne data ba^e, .the less accessible we make it; but 
this is not altogether undesirable, fA this stresses the subjective na- 
ture of information and the plurality of approaches. Two opposing trends 
are seen: ^ 

- 'the development of smaller, decentralized, interactive comput:;r sys- 
tems using natural-language inputs^ that make for le^s trails ferability 
from one system to anotner; ana 

- enfbrced comraonality through the networking of facilities and a nai^- 
rowing of the diversity of resources that are available, with the re- 
sult that some cj^eative research will be inhibited, , % 

' J ' » ' 

The issue of centralization . decentralization of computer facilities * 
' • f , , 

(or efficiency vs. access) *Ss arising increasingly with respect to 
computer-systems planning ,in less developed countries* ^ " \ ' « 

The drive toward forcea conforiaity is fairly widespread in both the pub- 
lie (e.g., ARPA, NSF," and EDUCOM) and private septors (e.g., IBM), where 
the prevailing assumption -is that informatioji is to be treated as a 
commodity. . » • 

'^&ndardizati<^n will probably not play a role in moderating the conflict 
between conformity and creativity, since standardization can create the 
illusion of the corrunuhicability of information. By the same token, di- 
versity may be an illusioii, because tne highest-level transformation i;ou- 
tines provide an upper bound to transferability 5ince all transformations 
result in some loss, of information^. 

Economics will dictate the growth in the use of natural languages. Sim- 
ply put; given a limitea supply and productivity of* progrsuumers and the 
expected growth in computer systems, we will be forced '^to develop lan- 
guages which will yield a greJt deal more computing per statement and 
which will permit more people to have direct contact with^ computing 
sys terns . 
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Infojrmation Technology and Inuiviaual Access; ^Some 
Economic and Regulatory Considerations CLee L, Selwyn) 

• Here* we are dealing primarily witli access by the mass information-services 
market rather than with' access by' researchers and other highly sophisti- • 
cated users, \ i 

m Perhaps the experience in the telecommuniqations industry (particularly 
with the common carrier) cro provide some useful guidance on the develop- 
ment of the information-services industry. For exaniple, like coimnunica- 
txons carriers, portions of the irvforination industry can be characterized 
by natural monopolies (created by economies of scale) , where regulation 
is used as a substitute for competition. Although such conditions may 
exist, in only certain sectors (fe.g., distribution), vertical integration 
with sec tc^rs which are cn^racterized by more normal production charac- 
uteris tics cpuld eventually extend monopoly status to the entire inaustry. 

m Public and ind^vixiual access to i^i^o'xmation services will be determined 
largely by the manner in which costs for such services are allocated 
among consuilE^s, advertisers, ^nd* other participants in tlie marketplace, 

• Cost allocation arid rate structuring are infinitely more difficult in 
the information-serVices area than in the u^tility-^ervices area, where 

' the services j^ovid^^a are fairly homogeneous in nature (e.g., electric^ 
ity, gas, 'and-^^tear) . ^ - 

• -^One important issue within the mass information-services inaustry is the 

level ^at which regulatory authority ought to reside. • If regulation- is ^ 
at too high a lev^ of governmentt local *access to services may be in- 
hibited; if reguiatipn is at^ too low a level, the inadvertent adoption' 
' of unnecessarily r^estrictive policies may prevent wiaespreaa access. 

• Ccxapetition can coexist with a policy of encouraging universal access, 
provided tiiat industry subsidies' caae from the community's general tax 
base rather than from particular classes of customers (e*g. , low^-cost 
service) . ' " 

• It is very likely that some combination of both local and remote comput- 
ing will play 'a. role in providing information services to the home. This 
raises the question of th'e extent to which, the industry will develop 

^' along the CATV model or along the video cassette/disk model. 
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A major ai;ea of technological competition is cable systems -vs, the tele- 
phone netrork* The outcome will depend on many factors, not the leas^ 
of which is the rapiaity witli which the cable system can provide new 
services {other than over-the-uir broadcastiij^. . ^ 

The development of interface Standards among the wide variety of system- 
access devic^es will be among the most important elements of public-policy 
formulation, / ' 

The huiaan-interface area will continue to be* the most important bottle- 
neck in direct consumer access to computing and information systems for 
at least the p^xt decade, ^o some extent, the .exact length of time will* ' 
^ depend on whether we are dealing with com^juter systems or comput^sr- 
aided sy^steras and on what level of complexity the interaction with the 
— * — -human is to be. » 

•r In many respects, the economic and technological characteristics of 
' * computer -based information services are quite different from those of 
broadcast television. For example, with computer-based services, the 
consuiaer' can be highly selective; meterincf is a natural by-product of 
the service; quality of service depends cjlritically on the skill of the 
consumer; and service origination costs aire i^^e modest, 

• There are very few data on tne potential nature", size, and economics of 
the information-services market. However, it is clear that the economics 
of services to the home will be influencea greatly by service bundling 
and by technological developments in other areas (e,g,, electronic mail 
by post off i'ce) • 

Political Aspects of Access to Caaputerized Record 
Systems and Computing Facilities (Michael A. Baker) 

• Among the conclusions of ^ the NAS study o£ computer data banks are: (1) 
for political and economic reas^ons, many computer-system projects that = 
might pose information-access problems have been slowed down; and (2) 

^ although computer systems generally make information services faster and * 
cheaper, it is difficult to identify larger social impacts, 

• We shpuld undertake a broad program of experimentation aimed at collect- 
ing basic data on access (and nonaccess) to specific kinds of information. 
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. • • • , ' " • 

including patients' access to their own medical records and.expunction of ' 
arrefit-only records, - 

• Care must be exercised to guard against the creation of false impressions 
about the degree of control^Tnau^ available to- citizen groups or employees. 

• Tbree 'distinct kinds of access should be* considered. 

I- 

V ' ' *^ 

iiccess to Intormatj^n about Oneself, This includes a knowledge of 

, what files exist; the ability to see one's own record; and the abil- 
ity t9 correct or challenge a record about oneself. 

- Access to Nonpersonal Information* This includes performance and 
planning data, allowing for some selective withholding of vitally se- 
cret data. Cor\^identiality and access goals will often convict here. 

- Access to Computer and Communication. Facilities * This includes orga- 
niz:,atlonal arrangeiaents under which Individuals are provided indi- 
rect access to information services.! 

• Public access to computer ^systems shoula include the ability to monitor 

and control their developiaent, \ • ._. 

• In view of the inherent difficulties of successfully forecasting the po- 
te.ntial social impact Of computer technolpgy, the best one can do is ^to 
put efforts into monitoring computer-system developments^ and applications. 
Such efforts might identify: (1) data systems being created; (2) ^he 
functions they aie to perfona; (3) the stage of development; and (4) the 
extent of their current social impact. ^ ' ' 

• The medi^cal records-keeping \area is one in which it is difficult to de- 
tect changes created by computerization. But this may be misleading # 
for real changes are often' not revealed by discontinuous breaks with the 
past. Aiuong tne possible^ effects of computers in this area are wider 
availability of d-ata on service characteristics, on physician "profiles", 
and on costs. 

• In addition, canputerization increases: (1) the ease of record duplica- 
tion;- (2) the ease of record accessibility due to ^security failures or 
lapses; and (3> the ease of record writing. 

• At least two diffe;t:ent classes of access difficulties should be con- 
sidered. 

- The lack of expertise of the ix)tential user group\often precludes ac- 
cess and. use (e.g.. Sierra ClUb and EPA data base)^. 

\ 

\ 
\ 
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- The lack of the requisite^ software methodology of teji/^re eludes access 
and u^e (e.g., citizen 'acces^ to urban/regional models). / 

• Retrospective studies of computer applications may well indicate?* that 
the computer is not always as indispensible a system- eleJoent^^s it 
appears to be. For example, although it may seem that we could not op- 
erate "^as a nation without the degree of centralization present today, in 
1 fact perhaps regionalization might have been successfully effected^ with- 
out conputerization. Thus, retrospective evaluations of infonaation sys- 
tems should be careful to consider, where possible, the alternative paths 
that might have been /taken, since computer-based information processing 
is typically one atlternative among many, ^ 



Cggputers and InaividUal Access:^ Legal/ \ 
Judicial Aspects (Micliiael A> DugganT" / ' 

• The value of a database of ten *<^^pends more on who may be excluded from 
using it than who may access it, • / 

• The high capital or initial cost and relatively low raaifitfenanoe or repro- 
ductive cost associated with some data bases has led^^some to ascribe a 
natural^ioncpoly function to information utilities . 

• Differential access to the data bases employed in judicial/legal contexts 
may already be occvirring. This may include access to data banks on: ^if 
the backgrounds of prospective jury members; (2) the sentencing proclivi- 
ties of individual judges; (3) jury verdicts for various types of physi- 
cal and mental injuries; and (4) panels of expert witnesses. Differen- 
tial access is- a by-product of the way information is disseminated — 

'i.e., more on an abiTity-to-pay than a need-to-know basis, 

• Hard data on the inhibitory effects of data bases on pers6nal behavic>r 

IS nonexistent. Furthermore, it is not at all clear tiiat privacy is 

" . • \ ^ 
valued as an issue of prime importance by most Americans. \ 

• There is increasing pressure on private and public institutions to op-^ 
era'te in a "fish-bowl" atiuosphere. In the public sector, the influence 
of the Freedom of Information Act is perhaps just starting to be felt, 

• One. of the most important probleias to be addressed is the dilemma of ac- 
cess.'to information vs^ privacy of infonaation. There is virtually no 
verifd-able data on the relationships among individual access, data bases. 
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and privacy. In fact/ even generally acceptable definitions of the . , 
terms themselves do nt)t exist* " , % 

The focus should be on infonaation access rather thail computer access. 
In many instance^/ we must deal with strongly interlocking "bundles of 
/ right,s" (e.g., doctor-patielft-hospital) . 
The host of nv/ths about computers,^ data bases, and access include the 
following. . 

- Nb differentiation is usually made between individual 'and corporate 
rights. 

- The validity of attitudinal data bases is accep^ted even where data 
are weak and conflicting. 

- , Naturfiil monopoly is assumed as given when, ih fact, it is government- 

granted or governitient-acquiesced (cost vs. output curves are U-shaped 
rather than monotonrcally decreasing) . ^ . 

Cross-subsiaization is acceptea'as an equitable strategem even though 
It is, in effect, a rationali^tior dictated by ^ase of price setting-* 



£. PANEL REPORTS 

Four panels were organized to address specific sets of'subissues re- 
lated to coraputer and information access. The focus of each panel was di- 
rected at one of the following substantive aspects of access: . societal, 
technological ^„and econanic/ political, and legal/ judicial * In the sununaries 
ti\at follow/k the comments of the panelists are interspersed with observa- 
tions made by other workshop participants. 

» (• 

Societal Focus (Ithiel de Sola Pool/ Frederick 
B. Thompson/ and Joseph Weizenbaum) y ' 

• An urgent need was registered foa; a precise definition/ and possibly a 
taxonony, of aacess. h ma£rix of_"seotors of society" vs * ^* immediacy 
of contact: with an inforination or computer system" was prfepc^ed. It was 
also noted that access may be viewed in its simplest terms as the abil- 
ity or capability (varied as it may be) to use an' information system* 
Two distinct points of leverage, can be used to promote widespread access 
to computer lysl-pmsj ^ i ' ' 
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- the education of children t;o make them feel at home with coraputers 
at an early ^ge; and \ 

- a pricing policy that Uoes not act as^ a deterrent (the communication 

^ rather than the computer, is key here) to contact with infor- 
1 systems. 

Unless we examine tlie options carefully we may inadvertently lock our- 
' selves into particular information-system designs without appreciating 
the full implications of the choices being made, much as we have locked 
our-selves into the present automobile transport system. 

Access to informat^'ion systems encloses subjects in an envelope of percep- 
tions and an environment that may not be worth the price. It is impor- 
tant to underst3.nd how, for example, MIS or CAI users differ from non-- 
users in terms of how they frame questions, make needs known, organize 
themselves, and generally function in society. In other words, we should 
take a hard look at whether, and how, computer systems are helping to so- 
cialize the individual. The panelists felt that present computer appli- 
cations generally increase the gap between social groups with respect to 
their ability to compete economically and with respect to the validity 
of their perceptions about computers ♦ Such a gap seems to be a by- 
product of .using sophisticated techniques that require complex intellec- 
tual skills, I 

Note was also made" of the role that access to computer systems can play 
in putting man more in a ' "supervisory" position (or position of control) 
in sorae areas. Both his self-image and opportunities for diversity of 
experience can be enhanced. This is particularly true in the manufac- 
ture of products by computer-managed parts programming ot by the opera- 
tion of ccxnputef-managed job shops— both resulting in the availability 
of a wide variety of product characteristics. 

The panelists voiced several concerns /bout increased product diversity, 

- Most jxi illy advertised product differences are trivial and operate to 
^ restrict rather than expand individual choice, 

- Since product diversity entails social and economic costs of some 
kindr^ome reasonable bounds on product choices should be set at tthe 
outset. 
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- Most people are incapable of dealing with product diversity, even at 
fairly low levels of choice. Often there is little good information 
available on which to^'base a meaningful decision ♦ 

• The social effects of conlputers are potentially large, uncertain, and 
irreversible. The extent to which their effects can be assessed in 'an 
anticipatory fashion (i*^e., technology assessment) is very much an open 
question. 

• The central concern way, in effect, be with the democratic uses of tech- 
nology; and perhaps some good examples already exist in which a powerful 
technology (i.e., nuclear energy) did not become the exclusive province 
of a particular segment of society. More democratic use of computer 
teclmology, however, does not necessarily imply more computer access as 
much as it does imply more information sharing about computer systems 
and uses. 

Technological and Economic Focus (Robert Klin^, 
Daniel D. HcCracken/ and Lee L. Selwyn) 

• We already have, or are about to have, the computer hardware and .soft^ 
ware that could i-rovide a variety of socially related services (e.g., 
health, education, legal aid, and jobs) at a reasonable cost to those 
large segments of society tliat are in need of such services. Actually, 
the best computer-based services are available to the wealthy in urban 
areas. 'Neither technology nor econc^aics is the principle barrier to 
wiaer distribution of computer-based services. 

• Access to a range of socially related services for disadvantaged groups' 
can indeed result. in some redistribution of power. However, *it is naive 
to believe that the application pf computet technology per se will oper- 
ate to redress social inequities. A host of political and economic re- 
alities has to be addressed before any real changes or shifts in exer- 
cise of power take place. 

• Information systems have the ability to enhance the power of sophisti/- 
cated users. To the extent that computer-based aids are most available 
to those who already have substantial power, the current power diffbr- 
ences are enhanced. This observation applies to power balances between 
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governiTient bureaus, organizational departments, and other groups, not 
simply between indiviauals and bureaucracies, 

• In a sense, we have a solution (computer technology) in search of a prob- 
lem. Although some exaraples do exist of pervasive technologies having 
created powei redistributions (e.g. , automobiles and libraries) , the 
role of computer technology in this respect may have to be aided by the 
creation of appropriate social intermediaries to function between com- 
puter syster.is and the social groups that are to be affected, 

• V>'e should be careful not to think strictly in* terms of hardware when we 
consider computer access. Many socially related data-collection efforts 
involving computer processing do not contribute to the welfare of disad- 
vantaged groups or geographical sectors (e.g., Watts), Although it m^ 
not be very meaningful to use the term' cofnputer power, increasing at- 
tention is likely to be directed to the ways in which computer applica- 
tions affect social policy, 

• A particularly attractive area for increasing computer services »is 
the "collection, organization, and dissemination of employment- or job- 
related information. 

Political Focus (Michael A. Baker, Thomas 
B. Sheridan, and Marshall H. Whithed) 

• Access to computers may be limited, even for social" elites, by language 
or linguistic problems. ■ 

• It is very unclear at this tiiiip whether computerization contributes to 
conformity or diversity in social affairs. 

• Citizens' access to computers can contribute to: (1) the balancing of 
power where anonyraity may be presetved^; (2) the muting of social aliena^' 
tion; and (3) the increase of citizen Efficacy. There is some evidence/ 
that simulation/gaming can enhance x^litical efficacy- of citizens, Sev/- 
eral efforts are now underway (although not yet implemented) to provide' 
citizen access to computer-simulation and planning 'systems (e,g., San; 
Diego, Toronto, and Nottingham) . * j 

• The awe of the^ computer may indeed have acted in both political and mil- 
itary arenas to perpetuate elites who have technically sophisticated 
staffs or consultants. A closer study of the ways in 'which control' of 
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information and power may be correlated in public li,fe would need to in- 
elude an examination of whetner particular political candidates have 
allocated substantial financial resources for surveys on opinions of 
constituencies, 

• General 'research on public attitudes toward .compters and how computers 
•are used in decision making will probably not be very productive* In- 
stead, progress will be.m^de primarily by collecting data on how people 
behave under specific legislation on privacy and confidentiality and hfow 
decisions are made under such circumstances, ' • 

• The computer is unlikely to resolve the most iiTipor-tant questions on, the • 
wielding of political power, citizen participation, and the like, Wh^tt 
the computer may do is eliminate excused for not redistributing '©r shar- 
irig political power at a number of levels* .At* the same time, care must 
be exercised that the coraputer and the software .systems are not used .as 
an excuse for depriving some social groups of their ri^tful share of. 
political power. 

Legal/Judicial Focus (Robert P, Bigelow, Michael ^ 
A. Duggan, Hope Eastman, and David B, H, Martin)| 

• The panelists proposed a taxonomy for computer access in which the exten 
siveness of access (e.g,, intrasystem,'^' network , or internetwork) is 
played against the accessing entity (e.g,, individual, institution, or 

' government) , 

• Skepticism among panelists about citizen participation included: (1), 
doubts that citizens really desire to participate; (2) the danger of "in 
stant referenda"; and (3) the degice of participation that is desirable 
in a deinocracy. Perhaps citizen participation is best for promoting 
dialogue, not referenda. 

• Inequities in the administration of justice can easily result whenever 
the individual is pitted against the government in public-interest legis 
lation. (The IBM/CDC controversy and the destruction of document in- 
dices are cases in point,) ^ * 

• There are no data on the inhibitory influence of undifferentiated data* 
Some initial efforts are now getting underway to do tesearch in this 
area. 
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The government is not Necessarily operating increasingly in a "fish-bowl 
enviroruaent. (One Sample cited was the recent attempt to define xntox- 
mditi<m theit as property theft, although federal law^ doep.'not so define 
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Two contrasting sets^of observations can be made regarding privacy. 

^ 

On the one hand, xt xsjiontended that the increasing use of the So-- 
cial Security nurai5er, the lack of consumer resistance in eliciting 
. ^credit-card data, afnd increasing evidence that most- people are almost 
eager to provide personal data can lead tq the conclusion that pri*- 
vacy is not highly valued by most citizens. ♦ 

- On the other hand, it is contended that the apparent indifference to 
the privacy issue exists on^y because most people do not realize that 
increasing amouncs of- personal data are being exchanged by institu- 
tions or that the Bank Secr^c^f Act now introduces a third party (i.e,. 
government) between the individual and the bank. In fact/ "privacy- 
impact" Statements should perhaps becc«Be a standard element before 
apprbval \s given to proceed with the impiejnentation of large infor- 
5 mation systems. ' • * . ' ^ 

* 

Privacy and secrecy ari different, but they can perhaps be viewed as op- 
posite sides of '.the same coin. Thus, most of us find that we are for 
privacy but against secrecy. The rhetoric of protection of client/citi^ 
zen privacy may be used increasingly to mask power fights bver control 
of information. 

Seme panel members felt that research on access must be tied to specific 
case studies that focus on what is being done on access, privacy^ and 
confidentiality, and with what i^npact and consequences* We need a 
clearer understanding of the extent to which accessibility to more in- 
formation makes individuals better consumers' or*' citizens . Others felt 
that data are needed on computer perceptions, including: (1) unrealis- 
tic attributions that people"'make to computers; (2) how these feelings 
are generated; and (3) the policy decisions that result because of these 
perceptions. For example, many people ascribe to computers the ability 
to think, to make judgmental decisions, to do language translation, to 
make value judgments , 'to be reliable, and so forth. 
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F. GUIDELINE QUESTIONS FOR THE WORKSHOP 

^. How does increasing access to cpmputers by individuals and dnstitu** 
tions influence the rules by wl>i^h we- live and by which society ^function^s? 
What requirements for additional data 'are suggested, what monitoring' should 
be initiated*, and v^at resea.rch" should be done in order to develop improved 
understanding, of the piajor issues raised by increasing access and/or dif- 
ferential accessibility by various social groupte;? What requirements, in 

turn, are crfeated for equipnerit and goftware design and development, edu- 

* . * . ^ . . 

cation and training/ standards and regulatory ij^easuires ,vinstitutional in- 

\ 

novation, and the like? : : • ^ 

o 

Societal Questions ^ 

1. How does increasing access to computers operate' to encourage more or 
less confomity (or more or less diversity) in society? 
,2. What impact will increasing access to computers have on man's self- 
image, and will this have a large -impact on society? 

3. To what extent, ancf how, does access to computers operate to increase 
or decrease the gaps between econatiic, political, I or social "haves" 
and "have nots"? . . 

Technological and Economic Questions 

1. What is the state of the' art of computer technology now, and what is it 
likely to be in the next ten years, insofar as the application of such 
technology may permit increasing computer access by various social 
groups? , . r 

2, How are the costs of access to computing systems likely to create dis- 
symmetries in, and barriers to, access to vital information among vari-* 
ous social groups? * ^ 

3^ What new institutional forms (e.g., community infoWatip^i centers) may 
emerge as a result of technological and economic developments related 
to computer access? 

4. Should the forces of the existing marketplace be allow^ri' to shape new 
institutional forms (e.g., the *way TV developed) , or should there be 
government. developrftental subsidies to shape these forms in a^more so- 
'cially desirable way? _ 
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politJL^l Questions ♦ 

1. How are the control of information and jpower cc^relsted in public and 

private affairs? What role may computer access play here? 

<* 

2. How can. increasing computer ^c^ss be used to enhance citizen partici- 
. * »' 

pation in democr^ticr processes? Is this desirable? n 

3- To extent, and how, does access to computers serve to create con- 

ditions that^^ergetuate^ the tenure of indj.viduals 'and. institutions 
holding positions , of political or "econanic power? 

Legal/ Ju(jlicial Questions • * ' ' 

1. *How might differential- access tp data bases result in inequit^-es 4^ th 
administration of justice? ^ . * • , 

I 

2. What ihhibitoiry influences on indivijiual behavior may result from the 
knowledge that^others have acces^ to personal information? 

3. How may th^ 'increasingly "fish-bowl" nature of. government and business 

s 

affect the structure -of each? 



' APPENoix A 
FRAMEWORK FOR ASSESSING- SOCIAL IMfACT 

m 

- Social impact can be an elusive, although intuitively appealing, no- 
tion. . Yet it is crucial to sharpen the definition of the concept, because 
"the evaluation of each candidate program area depends direptly on the abil- 
ity to make judgments about the likely contribution of each area to an un- 
derstanding of the social impact of computers. For the purposes of this 
evaluation, the impacting process is viewed within a framework of three in- 
teracting elements. Each element provides a'chegk list or relevance tree 
of useful indices associated with the Information system, the societal sys- 
tem, or the value system. 

Within an infoimation system, computer^ impact may be sensed by changes 
in key physical parameters. The introduction of domputer technology into 
any real-world situation — if it is significant — raay create change's in how 
data is collected, generated, analyzed, processed, stored, and disseminated. 
If this were not so, then its impact would be either negligible or very dif- 
ficult to trace. The ability to discern and measure changes in basic .cyber- 
netic variables — data rates, data paths, and memory sizes-jthus can provide 
the starting point fsn: any assessment of social impact, T^iis is not to say 
that changes in such physical operating characteristics provide definitive 
answers on the magnitude anu nature of such^impaict. Rather, they provide 
rough screening clues for directing attention to other elements* 

* i 

Within the social system with which an information system interacts, 
the relevant ^indices deal more directly with societal impact, although 
still in somewhat aggregated form. Judgraent and intuition necessarily play 
a greater role in assessments here. A number of measures may be used, in- 
cluding changes or transfers in knowledge, power, wealth, ,income, structure 
(e.g., industrial structure), and goods and services (e.g., modes of pro- 
duQtion or delivery) . Again, such changes or transfers can provide clues 
on tiie magnitude or nature of social impact attributable to the computer. 

ris , 
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Finally, witliin J:he value system, impact may be measured in terms of 
those quaiity-of-life indicators that are the most disaggregated, personal, 
and value-laden. Among tlie indicators are privacy, equality of opportunity 
choice, diversity, openness, participation, human control,., customization, 
gainful eiaployment, and many others. Ultimately, the assessment ^ of social 
impact riequires judgments about the relationship of choices involving com- 
.puter uses to the likely iiapact which such choices will have on these in- 
^ dices of personal well-being. , * ^ 
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APPENDIX B 
BIOGRAPHIES OF WORKSHOP PARTICIPANTS* 

AMARA, ROY (1, 2, 3, 4, 5) 

President, Institute for the Fqture, 1970-present ; Stanford Research 
Institute, in a variety of positions -including Vice President, Institute 
Programs, and Executive Director, Systems Sciences Division, 1952-69. Pri- 
mai;y areas of activity (and .publications) are control systems; network de- 
sign; computer applications in banking, airline, defense, and satellite 
systems; technology forecasting and assessment. Education — B.S., Massachu- 
'*setts iQSjbitute of Technology; M.A. , Harvard University; Ph.D., Stanford 
Univ'ersityN ^ ' ^ . 

. ^* 

ANDERSON, RONALD E. (3) ' . 

— 'V 
Assistant Professor, Department of Sociology, and Director, Social 

Science Research Facilities Center, University of Minnesota, •1968-pre^ent; 
Instructor, Stanford University, 1967-68^,,^<rrTS^tructor , San Francisco State 
College, 1966-67.' Publications — "Wrapping the Package: Critical Comments 
on Soci^al Data Analysis Packages", in Computers and the Humanities (Novem-" 
b^r 1972) ; "Sociological Analysis of Public Attitudes Toward Computers and 
Information Files", in Proceedings of the Joint Computer Conference (Spring 
1972); "Sociology, Canputers, and Undergraduate Mass Education", in Pro- 
ceedings' of a Conference on Computers in the Undergraduate Curricula (Uni- 
versity of Iowa, 1970). Education — B.A., La Sierra College; M.A.; Ph.D., 
Stanford 1*niversity. 



, *The number(s) following each participant's name indicates the work- 
shop (s) in which he was involved. (1 = Workshop on Computer Modeling and 
Simulation as an Aid to Decision Making; 2 = Workshop on Conjp'uters ar^ Fi- 
nancial Processes; 3 = Workshop on Computer Perceptions, Attitudes, and 
Literacy; 4 = Workshop on Computers and Individual Access; 5 Integration 
Workshop) 

1.4:0 
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ASHENHURST, ROBERT L. (3) 

Professor, University of Chicago, 19G5-present; editor, various jour- 
nals Harvard University, 1950-57. ^ Publications— ;"Number Representation 
and Significa;ice Monitoring"/ in J. Rice, ed, , Mathematical Software (1971); 
^Balance In Computer Science Education 1970 (1970).; "Computation", in Inter- 
national Encyclopedia of the Social Sciences (1968). Education — B.A, , 
Ph.D., Harvard University. 

BAKER, MICHAEL A. (4, 5) 

Instructor, Department of Sociology, Brookl^'n College, City University 
of New York; Assistant Director, National Academy of Science ' s , Pro ject on 
Computer Databanks, 1970-72. Publications — coauthor. Databanks in a Free 
Society (1972) ; "Record Privacy as a Marginal Problem: The Limits of Con- 
sciousness and Cpilcern", in Colunihi^a Human Rights Law Review (Winter 1972) . 
Education — B.A, , Union College; Ph*D, candidate, Columbia University. 

BARNES, DONALD G. (2) 

Assistant Director, Division of Federal Reserve Bank Operations, Board 
of Governors of the Federal Reserve System, 1970-present ; previously a mem- 
ber of the technical staff, Booz Allen Applied Research, , Inc . Education-- 
B*S., Kansas State College; University of Missouri. 

BIGELOW, ROBERT P . (4) 

Practicing attorney and member of the American Bar Association's Stand- 
ing Committee on Law and Technology* Publications—editor, Computers and 
the Law (1966, 1969); editor. The Law Office Economics and Management Man- 
ual (1970) ; editor. Computer Law Service' (1972) . / 

BOUIDEN, JAMES B. (1) ' 

Chairman of. the Board, 6n-Line Decisions, 1968-present ; Associate Pro- 
fessor. School of Business Administration, University *of Santa Clara, 1963- 
69; consultant, 1966-68; Assistant Professor, School of Business Adminis- 
tration, University of California at Los Angeles', 1958-61. Publications — 
"Multi-dimensional Planning Systcins" , in Journal of Long-Range Planning 
(Septembpr-^October 1972); coauthor, "Computerized Corporate Planning", in 
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Journal of Long-Range Planning (June 1971); "Merger Negotiations: A Deci- 
sion Model", in Business Horizons (1970). Education — B.S., University of 
Illinois; 3.B.A.., M.S.-, Baylor University; D.B.A., Indiana University. 

BRE^^R, GARRY D. (1) 

Senior Staff, Social Science Department, The Rand Corporation; Lec- 
turer, School of Public Administration, University of Southern California, 
1971-present; consultant, 1969-present; Assistant Professor, Department of 
Political Science, University of California at Berkeley, 1970-71; member of 
editorial boards of the journals. Simulation and Games and Public Policy* 
Publications — coauthor. Politicians , Bureaucrats and the Consultant: A 
Critique of Urban Problem Solving (1973); coauthor, "Methodological Ad- 
vances in Political Garaing", in Simulation and Games (1972); "Policy Analy- 
sis by Canputer Simulation: The Need for Appraisal", in Public Policy (Sum 
mer 1973) ; Models, Simulations , and Games — A Survey (1972) . Education — B.A 
University of California at Berkeley; M.S., California State University at 
San Diego; M. Phil., Ph.D., Yale University. 

BURGESS, PHILIP M. ('3) 

Professor, Department of Political Science, Ohio State University. 
Publications — coauthor. Theory, Data, and Analysis: An Introduction.^ to 
Quantitative International Politics (1972); coauthor. Indicators of Inter- 
national Beiiavior: An Assessment of Events Data Research (1972) . Edu- 
cation — B.A., Knox College; Ph.D., American l^niversity. 

CARLbON, WALTER M> (3, 5) 

IBM Corporation, 1967 -present ; Department of Defense, 1963t67; Du Pont 
CoiuptLny, 1939-62. Education — B.S., M.S., University of Colorado. 

DENTZER, WILLIAM T. , JR> (2) 

Chairman of the Board and Chief Executive Officer, Depository Trust 
Company, 1972-present ; New York State Superintendent of Banks, 1-970-72; Ex- 
ecutive Director, State Council .of Econonic Advisors, State of New York, 
1969-70. He has also held various senior U.S. government positions 



concerned with international economic development* Education — B.A., Mus- 
kingum College; attended law school at Yale University and Uni-versity of 
Pennsylvania. « 

SOLA POOL, ITHIEL (4) 

Professor (1953-present) and Chairman (1959-61 and 1965-69) , Depart- ' 
ment of Political Science, Massachusetts Institute of Technology, 1953- _ 
present; Associate Director, RADIR Project, Hoover Institution, Stanford 
University, l5^^^-53; taught at Hobart University, 1942-49, ^Pxiblications— 
Candidates, Issues and Strategies (1964); The People Look at Educational 
Television (1963); American Business and Public Policy (1963); Satellite 
Generals ' {1955) ; Symbols of Democracy (1952). Education — B.A., M.A., Ph*D., 
University of Chicago. 

DUGGAN, MICFIAEL A> (4) 

Professor, Business Law and Conputer Sciences, ^ University of Texas; 
Visiting Assistant Professor, Econcxuics and Industrial Organization, Univer- 
sity of New Hampshire, 1967-69; Trial ^Attorney, Antitrust Division, U.S.* 
Department of Justice, 1961-67. Fields of present interest -inclvide societal, 
legal, and economic problems of cybernetics, comraunications, atomic energy, 
regulation, and competition. Education- B.S., College of the Holy Cross; 
J.D.,, Boston College Law School; M.P.L., Georgetown University G'raduate Law 
School. 

EASTiMAN, HOPE (4) 

Associate Director, Washington National Offi'ce, American Civil Liber- 
ties Union; formerly Attorney-Advisor, Office of Le'gal Advisor, U.S. Depfrtrt- 
ment of State. Education — B.A., University of California at Los Angeles; . 
L.L.B., Harvard University Law School. 

EDEUiKRrZ, HERBERT (2) 

Research Scientist (1972) and Director (1971-73), Law and Justice Study 
Center, Battelle Human Affairs Research Centers, 1^71-73; Acting Chief, Cen- 
ter for Law and Justice, National Institute of Law Enforcement and Criminal 
Justice, Law, Enforcement Assistance Adiainistration , 1969-71; Ghief -(1966-69) 

« 
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and Dejputy Chief (1963-66), Fraud Section, Criminal Division, U.S, Depart- 
ment "of Justice, 1962--69; private practice of law in New York City, 1949-62; 
#>'artner, Tompkins, "Lauren and Edelhertrz, 1958-62; special counsel to New 
York' Joint Legislative CcKimitt^e on Charitable , and i>hilanthropic Agencies 
and prganiz^ions-,' 1954-55. Publications — Compensating Crime Victims (forth 
coming) ; "The Research Process as a Factor ifi Implementation of Design lOi. 
Criminal Justice Change", in Proceedings of the Fourth National Symposium 
on Law ^fffrcement Science and Technology (forthcoming); The Nature, Impact 
and Prosecution- of White Collar Crime '(1970) • Education — B.A., University 
of Michigan; LL.B., Harvard University Law School. 

FARRAR, DONALD E. {2, 5) 7 

Senior Research Associate and Assistant to the President, National Bur- 
eau of Economic Research • He has taught at the University of Wisconsin, 
Massaohusetts Institute of Technology, and Columbia university, and was a ' 
Sei^ior Fellow, Center ^or Study^of Financial Institutions, University of 
'Pennsylvania Law School. ^ Publications — Institutional Investor JStudy Report 
(1971) ; coautjior. Managerial Economics (forthcoming); Investment Decision 
Un4er Uncertainty (1967). 'Education-TB .A. M.A. , Ph.D., Harvard University. 

- FROMM, GARY (1) ' * 

Professor/ Department*^of Economics, American University; benior Fellow 
Consultant^ Brookings^ Ixistitution; Senior Research Associate, National Bur- 

jeau cf£ Economic* Research ^'Publications — coauthor, "A Canparison of Eleven 
Edrohgrnetric Models of *the United Stated", in American Economic Review (May 
1975) ;N;i9ipJ.ications To and From Economic Theory in Models of Complex ^ys- 
terns" ^ in American Journal of Agricultural Economics (March 1973); "Econo- 
metric Models in Econmic Planning Control Mechanisms", in IFAC Proceedings., 
(September 1971); and six booKs on economic modeling, analysis, and simula- 
tion. Education — B^M^E. Cornell University; MvS., MassacTiusetts Institute 
of Technology ;* M» A. ,^h.D. , Harvard Uni^arsity. ^' 

GIESE, PAUL E> (2) 'J 

Senior Member, Financial Industries Section, Arthur D. Little, Inc.; 
Boeing Company • Publications — "Automation in the Age o£ the User", in The 
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Challenge of Change in Banking (1972); coauthor, **NoW Its the Less-Check 
Society", in Harvard Business Review (November /December 1972) ♦ Education — 
B.S*, M*B*A*, University of Washington. 

GOLDSTEIN, JOEL W. (3, 5) 

Assistant Professor, Psychology and Industrial Administration, Carnegie- 
Mellon University/ 1966-present ; University of Kansas, 1961-66. Publications 
are in drug usage and education, interpersonal relations, and social motiva- 
tion, including "On the Significance of increasing Student Marijuana -Use for 
Intended Use of Other Drugs", in Proceedings, 81st Annual Convention , Ameri- 
can Psychological Association (1973); "Motivations for Psychoactive Drug Use 
Among Students", in Readings in Essentials of Abnormal Psychology . Education 
B*A*, Grinnell College; M.A., Ph.D., University of Kansas. 

GREENBERGbR, I^RTIN (1) 

Professor, Mathematical Science (1972-present) , Professor and Chaiijnan, 
, Department of Ccmputer Science, and Director, Information Processing <4967- 
72) , Johns Hopkins University, 1967-present ; Assistant Professor and Asso- 
ciate Professor, Massachusetts Institute of Technology, 1958-67; Teaching 
Fellow, Harvard University, 1954-58. Publications — editor. Computers, Com- 
mauications, and the Public Interest (1971); coauthor, Oh-Line Computation 



IS, and the 
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Simulation: OPS-3 Systetn (1965) ; cpeditor. Management and the Com- 

puter of tile Future (19 Microanali^^s of Socioeconomic Systems: 'A Simu- 
lation Study (1961). Education — B.A., M.A. , Ph^D. , iiarvard University. 

\ 

HALL, ROBECT C. (2) 

President and Chairman of the Board, Secuirities Industry Automation 
• Corpqration, 1972-preseiiL7 vice Pre'sldent and Group lExecutive , Customer Sys- 
^^eins., Control Data Corporation; Preii^dent', HpHey Computer Products; Sund- 

strai|d Corporation; S^t^art-Warner Corporation. Education — B.S., Iowa State 

UniveiLsity. ' ' ^ 



HUNT, (earl Br . (1) , \ 

Professor, Psychology and Coiaputer Sciencof and Chairman, Department 
of Psychology, University of Washington, 1966-present ; Associate Professor, 
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Business Administration and Psychology, University of California at Los 
Angeles, 1965-66; Senior Lecturer, Physics (Electronic Coraputing) , Univer- 
sity of Sydney, 1963-65; Western Management Science Institute, University 
of California at Los Angeles^ 1961-62; Assistant Professor^ Ydle Univer- 
sity; 1960-61; Psychological Research Associates, 1959. Publications — Ex- 
periments in Induction (1966);" Concept Learning: > An Information Process- 
ing Pioblem (1962). Education — B.A., Stanford University; Ph.D, , Yale 
University . 

, JACOBS, DONALD P. (2) 

Chairman (1969-present) , Department of Finance/ Graduate School of Man- 
agement, Northwestern University, 1957 -present ; Research Associate, National 
Bureau of Ecpnomic Research^ 1966-70; Instructor, City College of New York, 
1955-57; Research Staff, National Bureau of Fconomic Research , 1952-57 . 
Publicatidns — coauthor. The Impact of Electronic Money Transfers on the Sav- 
ings and Loan Business (1972) , coauthor. Financial Institutions (1972) ; co- 
author, "Problems in Developing a Bank Information System" , in Proceedings 
of Information Systems Symposium (August 1967). Education — B.A., Roosevelt 
College; M.A. , Ph.D., Coluinbia University . ^ 

JUSTICE, C. RICilARD (2) 

Senior Vice President, National Association of Securities Dealers / 
1972-present , and Executive Vice President, National Clearing Corporation/ 
1970-present, the Mitre Corporation, 1962-68; System Development Corpora- 
l-ion, 1955-62. Education — B.A., Washington and Jefferson College; Univer- 
sity of Chica<^o. 

KA Y, ALAN F. (2) 

President, AutEx, Inc., 1966-present ; Vice President and Member of the 
BOard of Directors, TRG, Inc., 1954-66. Education — B.S., Massachusetts In- 
stitute of Technology; Ph.D., Harvard University. 

KIVIAT, PHILIP J. (1, 5) 

Technical Director, Federal Caaputer Performance Evaluation and Simula- 
tion Center (1972-present) ; Systems Control/ Inc., 1971-72; President, 
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Simulation Associates, 1969-71; Rand Corporation, 1963-69? U.S. Steel Cor- 
poration, 1961-63. Associate Eaitor of the journal, Simulation; Chairman, 
College of Simulation and Gaining, The Institute of Managen^nt Sciences. 
Publications— "The SIMSCRIPT II Programming Language (196?) ? coauthor*, Si/nu- 
lation with GASP II (1969). Education--B .S .M.E . , M.I.E., Cornell University. 

KLING, ROBERT (4) ' - 

Assistant Prof essor Depar.tiaent of Information Sciences, and Research 
Associate, Public Policy Research Organization, University of California at 
Irvine? Assistant Professor, Department of Catiputer Sciences, University of 
Wisconsin, 1971-73; Stanford Research Institute, 1966-71. His research is 
in tne areas of caaplex information-processing systems, heuristic problem 
solving, robots, and educational consulting. Publications — "Towards a s 
Person-Centered Computer Technology", in Proceedings, 1973 ACM National Con- 
ferenae, and technical contributions to the liLtjrature of reasoning by 
analogy as an aia to automatic problem solving. Education — B.A. , Columbia 
University; M.S., Ph.D., Stanford University. 

LARSON, HARRY T. (3) / 

Director of Operations Planning, California Computer Products. He has 
also worked for the National Bureau of Standards, Hughes Aircraft, TRW, 
Aeronutronic Division of Philco/Fora. Education — B.S.^, University of Cali- 
fornia at Berkeley; M.S., University of California at tps Angeles. 

\ 

! 

LYKOS, PETER (5) 

Professor (1964-present)., Illinois Institute of Technology, 1955- 
present; recently completed two years of work with the Division of Compu- 
ter Research, National Science Foundation, where he created a new program 
entitled Cunputer Impact on Society. He is a National Lecturer for the As-" ^ 
sociation for Caaputing Machinery (ACM) and is chairman of ACM*s Special 
Interest Group on Couputers and Society. Education— B.S. , Northwestern Uni- 
versity; Ph.D., Carnegie-Mellon University. 
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MARTIN, DAVID H , (4) 

Special Assistant to the Secretary of Health, Education and Vi?elfare, 
1970-present / and Executive Director of the Secretary * s„ Advisory Committee 
on Automated Personal Data Systems, 1972-present ; Senior Consultant and 
Acting Deputy Director, Urban Law Institute, The National Law Center, The 
George Washington University, 1970, Education — B,A,, Yale University; 
L.L.B,, Harvard University. 

MARVICK, DWAINE (3) 

Professor (1957-present) , Depar1:ment of Political Science, University 
of California at Los Angeles, 1954-present; University of Michigan, ^.953-54. 
Publications — Career Perspectives in a Bureaucratic Setting; Political De^ 
cision Makers; coauthor, Campaign Pressures and Deniocratic Consent. 
Edudation — Ph.D., Columbia University. 

McCRAcKpN, DANIEL D. (4) 

Autkor of a nurober of textbooks on computer programming and chairman 
of the Association for Computing Machinery's Cornraittee on Computers ana Pub- 
lic Policy. Publications—^'t^tiMic Policy and The Expert (1971).; coeditor. 
To Love or To Perish: The Tecnnological Crisis and The Churches (1972) . 
Education — B.A. , Central Washington State College* 

' McKAY, NEIL (2) 

Executive Vice President and Cashier, The First Natiopal Bank of Chi- 
cago, and^ Executive Vice President and Secretary, First Chicago Corporation, ' 
1963-present; member/partner of tne Chicago law firm of Winston, Strawn, 
Smitn, & Patterson, 1946-63. Education — B.A. , University of ^}ichigan? J.D., 
University of Michigan Law School. 

MCQUQV^, J. A. (2, 5) 

Vice President, Management Sciences Departments {1968-present) , Wells 
Fargo Bank, 1964-presant . Education — B.S., Northwestern University; M.B.A., 
Harvard University; New York University. 
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>fcAP0W5, DKNNIS L. (1> 

Professor, Dartmoutn College, 1972-present ; Assistant Professor, h. P. 
Sloan School* of r4anagement, Massachusetts Institute of Technology, 1969-72; 
Director, Project on the Predicament^ of Mankina, 1970-72. Publications 
coauthor. The Limits to Growth ^ {1912) coauthor, TcMn and Glohal.Bquilih" 
riam (1972); Dynamics of Coimodi'ty Production Cycles '(1970). Education-*- 
B.A., Carleton College, Ph.D . , M^ssacnusetts Ins,titute of Technology. > 

MEIER, RICHARD L . (X) 

Professor Environmental Design, University of California at Rprkeley, 
1967-present; Research Cnemi^t, Standard Oil of California; Executive Secre- 
tary, Federation of American Scientists; Assistanli Professor, University of 
Chicago; Associate Prof essor , University of Michigan\ ' Publications— Co/mnu- 
nlcatlons Stress (1972) ; Resource-'Conserving Urbanism: Progress and Poten- 
tials (1971); Science and^ i:copomic Development (1966); A Communications 
Theory of Urban Growth (1962). Education~B.S. , University of Illinois; 
Ph.D., University*of California at 'Los Angeles., 

I4ELNIKQFF, MEYER (2) 

Senior Vice l^resident ( 1966-present) and Actuary, Prudential Insurance 
' Company of Ameiica', 1939-present . Education~B. A. , M.A. , Montclair State 
College. 

MEYER, JOHN R. (2> ^ 

Professor, Yale University, ana President, National Bureau of Econoraic 
Research. Publications— coauthor , The Role of Transportation in Regional 
Economic Development (J.971); coauthor. Managerial Economics (1970) ;* coau- 
thor. Techniques of Transport Planning (1970); coauthor. Investment Deci- 
^slons. Economic Forecasting & Public Policy (1964). Education— B. A. , Uni- 
versity of Washington; Ph.D., Harvard University. 

jVPRGAN, DAVID H. (2) ^ ' * 

presiderrt. National Clearing Corporation; Director, National Clearing 
Corporation; Director, Depository Trust Company; President,^ Pacific Coast 
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Stock Exchange Clearing Corporation; Peat', Marwick, Mitchell & Co.; U.S. 
Steel Corporation. Education — B.S., Northwestern University . 

i 

MORGAN^ M. GRANGER (1, 2, 3, 4, 5) 

Program Director/ Ccanputer Impact on the Individual Program, Division 
of Computer Research, National Science Foundation; Director, Coctiputet Jobs 
Through Training, and Lecturer (1970-71) and Acting Assistant Professor 
(1971-72), Department of Applied Physics and Information Science, University 
of California at San Diego, 1969-72, Educati^on — B.A., Harvard University; 
M.S. Cornell University; Ph.D., University of California at San Diego. ' 

NATHANS, ROBERT (3) 

Professor, Physics ana Engineering, and Chairman, Department of Urbaa 
Science and Engineering, State University of New York at Stony^ Brook, 1968- 
present; Senior Physicist, BNL, 1960-68; Physicist, Massachusetts Institute 
of Technology, •1956-60; Professor, University of Osaka, Japan^ 1958-59; As- 
sociate Professor, Physics, Pennsylvania State University, 1954. Educa- 
tion--B.S., University of Delaware; M.S., University of Minnesota; Ph.D., 
University of Pennsylvania. 

« 

NDVICK, I^AVID (2) 

Head, David Novick Associates; Rand Corporation, where he continues as 
a consultant, 1949-71.' He has also held a wide range of positions in univer- 
sities, government, and business. Publications — Current Practice in' Program 
Budgeting (PPBS) (1973); Program Budge tin^j (1967). 

n I, 

PHILLIPS, ALMARIN (2) 

Chairman, Department of Economics,' University of Pennsylvania. He has 
also taught at Ohio State University ,^ London' Graduate School of Business 
Studies, University of Wa^rwick, University of Hawaii, University of Pennsyl- 
vania, University of Virginia, , and Harvard University., Publications — 
Technology and Market Structure: A Study of the Aircraft ^ Industry (1971); 
coeditor, Prices: Issues in Theory, Practice and Policy (1968) ; editor, 
Perspectives and Anti-'trust Policy (1965). Education — B.S., M.A. University 
of Pennsylvania; Ph.D.) Harvard University. 
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SEDELOW, SALLY YEATES (3) ' 

I 

Professor, Computer Sci^ce and Linguistics, University of Kansas, 1970 
present; Associate Professor, English^and Computer & Information Science # 
University of North Carolijid, Chapel Hill, 1966-^70; consultant. System Devel 
opment Corporation, 1964-67; Assistant Professor, English, St. Louis Univer- 
sity, 1964-66;- Hijman Factors Scientist, System Development Corporation, 1962 
64. Publications — coauthor. The Computer and Language Researoh: A Study of 
the Concept of a National Center/Network for Ccxnputational Research on Lan- 
guage; coauthor, "Models, Computing, and S^tylistics" , in Current Trends in 
Stylistics (1972); "The Computer in the Humanities and Fine Arts", in Ccmput 
ing 'surveys (June 1970). ' Education — B.A., University of Iowa; M.A., Mount 
'Holyoke College; Ph*D., Biyn Mawr College. 

SELWYN, LEE L. U) 

President, Economics and Technology, Inc., and member of the faculty. 
College of Business Administration, Boston University. His publications in- 
clude a wide variety of papers and articles on the economics of computer 
and telecommunications, public policy, , financial management, and the merg-^ 
ing of ccxnputer and telecommunications technology. Education — B. A. , ..Queens 

College; Ph.D., Massachusetts Institute of Technology. 

«. 

SHERIDAN, THQMA:> b. (4, 5) 

Professor, Departiaent of Mechanical Engineering (1970-present) , Massa- 
chusetts Institute of Technology, 1956-present ; consultant to General Elec- 
tric, General Motors, Biodynamics, and Westinghouse . Professional inter- 
ests include matheiaatical models of human operator in control systems, re- 
mote manipulation, and man/cOTputer interactions. Education — B.S., Purdue 
University; M.S., University of California at Los Angeles; Sc.D., Massachu- 
setts Institute of Technology. 

SMITH, WILLIAiM D. (3) 

New York Times, 1959-present . Publications — Nortnwest Passage: The 
Voyage of the S,S. i^armattan. Education — B.A., Coluiobia College. 
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SPOFFORD, WALTER 0^ JR> <1) 

Research Associate ^ Resources for the Future, 1968-present? Captain, 
U.S. Army, 1966-68; Research Fellow, Center for Population Studies, Harvard 
University, and Ford Foundation ^Consul tant in Egypt, 1965-66; Research As- 
sistant, Harvard University, 1961-65. Publications — coauthor, "A Quantita- 
tive Framework for Residuals Management Decisions", in Environmental Quality 
Analysis:' Theory' and Method in the Social Sciences (1972); "Residuals Man- 
agement: An Overview of the Global Problems", in M&n's Impact on Terresy 
trial' and Oceanic Ecosystems (1971). Education — B.S., Northwestern Univer- 
sity; M.Sw Ph.D., Harvard University. 

TA NNEN3AUM, PERCY H. (3) 

i'rofessor. Graduate School of Public Policy, University of California 
at Berkeley, 1970-present; Professor, Camnunication and Psychology, Univer- 
sity of Pennsylvania, .1967-70; University of Wisconsin, 1959-07; University ^ 
of Illinois, 1954-58; Michigan State University, 1953-54; University of Il- 
linois, 1050-53* Publications — "Replacement of Words in Hesitation Environ- 
ments", in The Psychosociology of Language (1972) ; "The Individual as a Re- 
ceiver Systeia", in Communication and Development; coedi tor/coauthor , Theo- 
ries of Cognitive Consistency <1968). Education--B.S. , McGill University; 
M.S./ Ph.D., University of Illinois. 

TAVISS, IRENE (3) 

Harvard University, 1966-present ; has also taught at Brooklyn Colleg3. 
Publications — Our Tool-Making Society (1972) ; coeditor^ Human Aspects of 
Biomedical Innovation (1971); editor. The Canputer Impact (1970). Educa- 
tion — B.A*, Brooklyn College; Ph*D. , Harvard University • 

THOMPSON, FREDERICK B. (4) 

^ Professor/ Applied Science and Philosophy, California Institute of 
Technology, 1965-present; Project Engineer, Information Systems Theory Proj- 
ect, General Electric Company, 1959-65. Publications — "The Nature and Role 
of Data in Ccimiiand ana Control", in Proceedings of the National Meeting of 
the American Psychological Association (1964); "Man-Machine Communications", 
in Proceedings of Seminar on Computational Linguistics (1966); "How Features 
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Resolve Syntatic Ambiguity", in Proceedings of National Symposium on Infor- 
mation Storage and Retrieval (1971); "The Future of Specialized Language^", 
in Proceedings of SJCC (197-2); "The PEL System", in Proceedings of Syn^posium 
on Computer and Information Silence (1972), Education~B.A. , M.A, , Univer- 
sity of California at Los Angeles, Ph.D. , University of California at 
Berkeley. 

VERQUGSTRAE TE, JAMES ^R. (1) 

Associate Director for Regional Analysis, San Diego Regional Council^ of 
Governments, 1970-present ; Associate Professor and Project Director, Univer- 
sity of Tennessee, 1968-70; Tri-County Regional Planning Conmission, Michi- 
gan, 1964-68. Publications — coauthor, CPO Regional Model System: A Non-^ 
Technical Description (1972) ; Population and Housing Estimating Systems 
(1971); coauthor. Urban Development Models and the Regional Planning Proc- 
ess. Education ~B. S, , M.S., Michigan State University.^ 

WARE, WILLIS H. (1, 5) 

Senior Computer Scientist, Rand Corporation. Publications — The Ulti- 
mate Canputer (1972); Compters in Society's Future (1971); Limits of Com- 
puting Paver (1971); Canpttter Data Bemks and Security Controls (1970). 
Education~B.S. , University of Pennsylvania; M.S., Massachusetts Institute 
of Technology; Ph.D., Princeton University. 

WSATHER5BY, GEORGE B> (1) 

Associate Director, National Ccxmnission on the Financing of Postsecond- 
ary Education and White House Fellow, 1973; Special Assistant to the Secre- 
tary of State and White House Fellow, 1972; Associate Director, Analytical 
Studies, Office of the Presiaent,. University of California, 1969-72. Pub- 
lications--'* Educated Manpower and National Goals", in Manpower (1972); co- 
author. Statewide Planning for Postsecondary Education: Issues and Design 
(1971); coauthor. Outputs of Higher Education: Their Identification^ Mea- 
surement, and Evaluation (1970). Education— B.S. , M.S., M.B.A. , University 
of California at Berkeley; M.S., Ph.D., Harvaru University. 
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WEINGARTEN, FRED W. (*) ^ ^ 

Progr^ Director, Special Projects, Division of Computer Research, 
National Science Foundation, 1972-pJresent ; Director, Institute for Educa- 
tional Conputing, The Cla^emont Coljleges, Assistant Frotessor, Department 
of Computer Science, Harvey Mudd College, and Member, Faculty in Mathema- 
tics, Clareraont Graduate School, 1969-72, Publications — "An Educational 
Conputing Network", in Proceedings of ON-LINE 72 Conference, Brunei Uni- 
versity, UxDrldge , England (1972); "An Analysis of Regional Computing", in 
Proceedings of First Symposium of the Pacific Northwest Cooperative Com- 
pating Center (1972) ; An Introduction to the Educational Use of the Com- 
puter (1972), Education — B.S., California Institute of Technology; M.S., 
•Ph.D., Oregon State University. 

WEIZENBAUM, JOSEPH ^ (4) 

Fellow, Center for Advanced Study in the Behavioral Sciences, Stanford 
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